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PREFACE TO FIRST EDITION 

The world has had its Stone age and ite Bionye age latei 
its Iron age, and the present is a Cellulose age 
This IS not said ad captaiuhim it is a statement which 
will survive critical examination 

The volume now offered to btudents and the general public 
13 based on studies in the domain of cellulose, both theo- 
retical and scientific, and practical or mdustiial 
It 18 not a monograph oi a text hook of the subject it 
does not pretend to be sjistematic or exhaustive 
Technical literature in these days thieatens to develop to 
foimidable dimensions, and systematic works on blanches 
of technology necessarily cany a laige weight of fact and 
infoi-mation which is common groundwork 
We have only given an outline of what apjiears essentinl 
as a oyclopiedic framework We are not addiessmg our- 
selves particularly to the specialist, nor to the techmcal 
student Bather to the general reader, and our aim is 
therefore to give a general account of the evolution 
of the wood pulp industries, as typical of the age we hve 
m, and as a very substantial contribution to its primary 
necessities 

But if wood pulp has had an interesting past history, its 
future 18 suggestive of many mote interesting possibilities 
of which we endeavour to give indications 
From whatever standpomt in fact the subject is treated, 
it challenges attention 
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The chemist, the manufactuiei, the political economist, 
and of couise the finnnciei will find that it teems with pio- 
blems tlie solution of which caiiies lewaids of gieat moment 
In an age when pessimists see little but competitive 
exhaustion of sonices of natuial wealth, it is satisfactory to 
bo able to piesent a domain still full of unexploied possi- 
bilities Such IS the subject of “wood pulp” or, more 
bioiidly, “cellulose,” and we tiiist this impel feet contiibution 
will help to sustain and awaken the interest of leadeis and 
students 

We have pleasure in acknowledging the valuable assistance 
of Ml W N Bacon B Sc , F I C , m contiibutmg matter 
and levising pioofs 

We aie indebted to the Eoyal Society foi the privilege 
of leproducing illustrations from papers of the late W J 
Bussell (p 73) To Messrs Longmans, for permission to 
repioduce portions of “ Researches on Cellulose,” n 

The illustrations in Ohaptei I are chiefly from original 
liistplogical studies of Messis Flatters, Milboine and 
McKechine (Longsight, Manchestei), whose excellent woik 
m this held is well known, or should be, to all students of 
Lotanj 


NOTE TO SECOND EDITION 

It 18 regretted that pwmg to the existing war conditions, 
the scarcity of paper, and the restrictions i;pon the manu- 
factuie of paper, it is impossible to give m this edition the 
specimens which accompanied the second impression of the 
fi^rst edition. A table of characteimtics takes its place 
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WOOD PULP AND ITS USES 


CHArTER I 

Tiir smucruitvii rLfME'iT'i or woor> 

There aio no moie inteiestmg Btiulies than those which 
group theiusohes undei the teiiu Applied Kcionoes It in 
quite tiue that acieiice, nr latliei the sciences, nia^ he 
pursued fiom a point ot view which ignoies the serMces 
which they render to man, hut wheieas ‘pure science " 
18 an ideal lathei of the imaginative world, the natunil 
piosecution of the sciences compels the locognition ot then 
organic inteidependence with human pi ogress 
Whichevei aspect is the nioie attiaclivo on geneial 
giouiids, it IS deal that the subject of this woik is pio 
minently typical of this interdependence, involves in a 
paiticulai mannei the utilitaiian bearings of science, and 
oni treatment of it must be accoidingly iitililaiian 

Wood pulp IS a compaiatively modem pioduct called into 
existence as a paper maker’s law material The woods 
which fuimsh the pioduct in its various foims have been 
impiessed into the service of man fiom the earliest, in 
fact from piehistoric, tunes, and have been used tor 
thCir structuial qualities in a large number of our most 
important industries The uses of the woods aie so 
W P H 
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universally familiai that it would be supeifluous to 
paiticulaiise them 

AVe may, houevei, pieface oui specialisation to the pai- 
tieulai employment of ceitain woods as the basis of wood 
pulp, by calling attention to the physical and mechanical 
piopeities of a typical range of woods considered as 
structuial mateiials 

Poi the natural histoiy of the woods as products of 
vegetable life and giowth we turn, of couise, in the fiisfc 
mstance to the science of Botany In the scientific treat- 
ment of plant life questions of utility — that is, the part 
which a plant oi any of its parts, seed, flowei, stem or root, 
may play in the service of man — has no pait Moreover, 
external featuies are of quite snboidinate moment 

Thus the cereals which furnish, perhaps, the most 
impoitant staple of oui food aie to the botanist no more 
impoitont than any other of the great family of the grasses 
It IB not without Bignihcance to the botanist that these 
particular grasses have come to be selected and specialised 
by cultivation through countless geneiations, so as to 
differentiate them as economic products But such con- 
siderations aie relatively unimportant, as not concerned 
in those elements of identity and characterisation which ffx 
the positron of an mdividuai plant m the scheme of botanical 
science 

So also m regard to external features such as size, form, 
and vegetative habit The sugar cane or bamboo are not 
obviously related to the cereals, but to the botanist the 
relationship is of the closest The laburnum and the 
trefoil have little in common as regards form and life 
history, but they are blood relations. 



THE SmjfTUPAL ErCMPNlS OP WOOD J 

The lelationships aie hxecl by the luoie tunchimental 
featmes of the reproductive mechanibra, lioth the major 
and minoi ditTerontiations constituting the basis of the 
classilications of botanical science aie those of the lepio 
ductive system These diftoiences necessaiily aie coire 
luted ivitli those of the plant body, by winch the second 
great function oi gioup of functions is conditioned, 
\iz , those of nutiition As the lopioductive nioclminsm 
becomes more complex, so the stiuctuial type is dilfeien 
bated towards complexity 'Viewnug the plant woild as an 
evolutionaiy senes, lopioducbon by seeds is the last 
featuio to make its appeal mice, and is pi eroded liy those 
differentiations of llio plant body winch issues in what is 
known ns a vascular system 

Thus in the four the structiiial foatuies of the higher 
lloweiing and seed bearing plants nie lecoguised, and in a 
tree fern the dilleroiitintiou into xnsculai tissue, leaves and 
stems, with the lowei poition foiined into a root system, 
are apparent But the lepioduction of the fern is on a 
much lower jilane, and it lieais no seeds The tiee fern is 
alund of pseudo nioiph of the true bee oi foiesttiee, which 
la a apennatophyte oi seed-bearing plant 

Of the four great groups of modern botanical classifica 
tion the spermatophytes are nmeb the most conspicuoup 
and widely disbibuted Moreover, they aie so interwoven 
with our expeuence that their study has often lanked as 
CO extensile with botanical science to the exclusion of the 
other gieat groups These aie the algue, the lichens, and 
the fungi(Thallopi.y tea), the mosses (Biy ophytes), and fei na, 
horaetails, and club mosses (Pteiidophytes) The modern 
Science regards these groups as related m evolutionary 
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sequence Theie aie two asj)ect8 of this evolution The 
oue involves the theory of descent, the higher fiom 
the lowei oidai, as an objective fact, on the other the 
development of the highest type can be followed thiough 
the lower by the study of the dominant oi leproductive 
functions, which thus unfolds itself as a homogeneous con- 
ception of the lelations of the infinitely diveisified foims of 
plant life 

IVe are not conceined with these fundamental generahsa- 
tions fuither than to indicate then connection with our 
subject 

We shall have to point out that fioin the point of view 
of “wood pulp” the trees which furnish these industrial 
products aie of two sub gioups, and we have explained the 
basis of classification sufhciently to convey then relationship 
to the geneial reader in the teims employed by the 
botanist — 


Spermatophytes 
(seed bearing plants) 


Gymnospeims 
(naked oi exposed seeds) 

(Coniferaj) 

Pine Spiuce 


Angiospeims 
(enclosed seeds) 
Monocotyledons Dicotyledons 
Bamboo Poplar 

Sugai Cane 


We have already indicated that oiii subject has only an 
incidental conaeetion with these fuudameutal lelations 
The plant is a stiuctuie, an agglomeiate of stiuctural 
elements , and its woik as a plant is to grow, to build up 
tissue The assimilating organs of the higher flowering 
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plants aie the leaves The leaf is the ceutio of the fiinila 
mental opeiatiou of building up “oigauic” compounds 



Fio 1 — rranaiorse section of stem of Tmde=ieniitn 
showing emdernial tissue, pnrenclnTna containing 
starch, at the centre a voBculat bundle 

ftom the inofganie foim of carbon, viz , carbonic anhydude, 
contained in the air, and of which gaseous mixture it is a 
normal constituent. This character istic function of the 






0 


^\00D PULP AND irS USES 


plant, the photos3’ntlie8i8 ol carbon compounds and their 



Pig !2 — Trtwsverso Becfaon of a Yornig stem of Pmns 
Sylveotris (common pine) Below, primary ground 
tissue followed by wooid in development and in 
BUCoesBion oambtum bast and cortex, lu the centre 
IS a medullary ray 


elaboration to tissue material, m must take foi gianted , 
as Avell as the complementary function of the root systdm 
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in absoibiD" ivatei, inorganic mineial compounds, and other 
mitnent mateiinl from the soil 



Eio 3li — Triinsioise eecfjon of an oldor slcm uf Pinna 
Silieatris (cuiniiiQn jane) slinwirij, t3e\elopin>r 
biunch a more mhiiiotil irooj s-\stisui and oxteraal 
to the latter the Liuiibiuni uud phloem tiaauiH 

We ftie coiieeined with the plant ns a completed struc 
tin G The slud^ of those functions and pi ocesses from which 
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the stiiiotuie lesulta, and with which it is in its seveinl 
paits associated, constitutes the branch of the science 



Fio 3 — Longitudinal section vascular bundle of Zea 
Mais showing spiral, nnnular, and pitted vessels. 
Surrounding the bundle is the ground tiffiue or 
parenchyma 

known as vegetahle physiology, and students who desire 
a more comprehensive survey of the subject-matter are 
referred to the special text hooks 
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Taking the plant ns a stiuctme, we find it an nsseinbltige 
of unite geueially known as cells The typical cell is a 



Fia 4 —Longitudinal section of stem of GoF<i^ junm H P 
(cotton plant) showing from left to nght pith spiral 
ressels, carobiuiu, phloem, cortical tissuo, ond cuticle 

ephencal body oi small dimensions — 0 1 and 0 6 mra 
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<liameter — and consisting of an enveloping wall enclosing 
the coll contents 



FiO 0 — Tr^lJl8^ orsp section of stem of Zm Alais (Iiuhan 
corn) Tiiseulai bimclles suirouuded bj pruiinry ground 
tissue Each bundle contains huge pitted aud anuulai 
vessels with phloem and solerenohjina 

Variations and diffeientiations of the typical foim cone-, 
spond with infinite diveisity of functions and* conditions 
Typical ionns of cellular tissue are lepresented in 
Figs X-2 
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Moie extieme vaiiations lead to the fatiuctmnl (oiut^ 
classed as fihies and vesselb 

These aie elongated cells, the length being a ven huge 
multiple of the diainetei In a geneiil mu) “lihies ’ 
may be legarded as the stiengthening elements of })lant 
etiuctuies, and aio ot relaiii el> simplo foim “ \ tssels ’ aio 



ih’te 

I?[0 Sr — *10011011 of bust icgi'in sliowiiig ^cJgo-»hapol 
bundks osfeiidiTig from ciiinbinni to coitex 


the seat of comi)le\ vital functions and opeiations involved 
m iiutiition, and me much nioie diversified in foim 
Typical fibres and vessels are lepresonted m Figs 3—4 
The arrangement of cells, fibres, and \essel8 iii the stem 
of a plant is co oidinated with those chaiacteusties which 
determine its position m the evolutionary sencB We may 
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biiefly describe stems which aie typical ot the two mam 
divisions of the highest gioup of floweiing plants 

Fig 6 lepiesents a section of the stem of a mono- 
cotyledon 

These stiuctnral types intioduee the fundamental con- 
siderations involved in diffeiantiation of tissues , giound 



J ait (mag SCO) 

Pio 6o — Section of bast region showing structnre of 
bandies and thickening of ultimate fibres 


tissue, known as paienchyma, is made up of thm naked 
cells showing equality in their dimensions, though occa- 
sionally elongated The eaihest diffetentiation Oi the 
ground tissue separates nutritive cells from reproductive 
cells m the buildmg dp of the plant body we aie concerned 
with the former only, and then further speeiahsation 


THE STEULi’UEAL ELFMl KIS 01 WOOD 
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IB an adaptation to mechanical and physical e'^igencios 
lathei than foi vital pui poses The jei[imements to bo 
met are (1) foi the ti anspoi tatioii of nntiitne inattei fiom 
the leaves wlieie it is maiiufactuied, ns well as of watei 
abaoibed by the loots Hence the piovision of con 
ducting tissue — oi mestome , (2) the plant, to maintain 



I lax 

Eia fin — Section of stem of Linnin slowing; gTOUpa of 
bust fibres iMUg between Mooil mid rortov 


Its foim, reijuiies uieehanical siippoit, and tissue is 
diffeientiated into ngid stiuiturcs knovn ns sterooine 
These features aie geneialiy illustiuted in the annexed 
figuie, showing in section the stems of two dicotyledonous 
annuals, flax and jute, and of a moiiocoty ledonous annual 
Indian coin (Zea Mais) 
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They will be better understood after dealing with the 
inoie complex case of the peienmal stem The forma- 
tion of wood, t e , masBive wood, is a process which is con- 
ceined with the gi owth of trees, and although the peienmal 
growth intiodnces no new stiuctuial elements, it does 
piesent a certain development of plan oi aiiangement 



Pio fl — Tronsverae section of stem of Lmnanthemum 
(nquatio plant) Central anis wita xylem and 
phloem elements Ground tissue showing large 
air tells produting buoianoy, and stor-riiaped idio- 
bliists 

heyond that of the annual stem At the outset we notice 
there is n contrast of the dicotyl (or conifer) stem with the 
monocotyl, and since the supply of wood pulp is at this 
date exclusively drawn fiom wood of the former types, we 
must set out then typical characteristics in some dfetail 
The apex of a growing stem exhibits an aotiye condition 



THE SrEUOTTJEAL EIEMEM’d 01 AVOUD 

ot toll division with a ditteientiatioii into delinite legions, 
winch becomes iiioie maiked as we pioctod downwaide 
In the finally diileientiatod stem these aie maiked ont as 
(a) epideimib, the external pi elective tissue , (.h) the tontial 
cyhndei, oi stele, and between them (c) the coitev 
(Lymnanlhemum, h'lg G ) 



Eio 7 — TransvorseloDj^itudiiulsectiiiri of HtomofTilu 
Europcca (Luue Tree), bliowiiig bast filnes aud ground 
iiBsue 


In the peiennial stem the epidermis does not keep pace 
with the increasing diametei, and the cortex becomes the 
external protective tissue known as cork, with its well 
known impervious characteristics The cortex is complex 
in stiucture 
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It contains active chlorophvllio and assimilating tissue, 
and cells which have a stoiage function , also well maiked 



Eia 6 — Tangential luugitudinal eeotion through the wood 
elements of Tiha Europceu (lame tree) Erom left to right 
a medullary tny is seen lu the row of little cells, followed 
hy typical wood fibres, spiral and pitted veeselB, and con- 
uectave tissue 

storage lassued known as collenchyxna, or sheathing tissue, 
nnd eolerenchyma, or haid tissue* The latlier is, frofa the 
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pieseut point of view, Iho uioie important, as it nulmles the 
elongated thick walled tells known as fibies (I'lg 8) In 
the cential tyliudei, oi stele, the \nBculai tissue is 
pioniinent (Fig 7) Theie aie two well maiked t>pos of 
vessels — the tuicliero, which aie of laige diaiiietei, with 



Fig 0 —Longitudinal radial section of Pinus Si h cstns 
timber show iDj, well-dtvolopwl bonloled luts ujion 
the walls of thi tincheids At nght angles to the 
tiwheids is a iticilnllari ray 

heavy -walls xarionsly modified in stinctiue into spiral 
bands, rings, oi letionlations (Fig 8) 

Being destined foi watoi conduction, they aio arranged 
end to end in a continuous longitudinal senes In the 
‘conifei stem there is veiy large cbaracteiistic development 
of the tracheal hke tissue , but the constituent vessels diffei 
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fiom the tiue tiachem in liaiiug tapeiing ends, and m not 
being disposed in longitndinal senes 

These vessels aie called tiaebeids, and they aie chaiac 
teiisod by iiUted walls -nhich, under the mioioscope, appear 
as double concentric i mgs aiianged m lows (Figs 9 and 
10) The second type of vessel is the sieie tube, so called 



latter coasist ot two or more rows of cells arranged 
loDgitadinally 

from the specially peifoiated aiea ■which they develop, 
termed the callus plate They are concerned in the con- 
duction and distribution of organic nutrient matter 
These two types of vessels aie characteristic lespectively 
of the xylem or wood, and phloem or bast In the 
dicotyledonous stem the strands of xylem and phloem^ 
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though, sepaiftte, uie oigauifced togethei into vascular 
bundles The disposition and idation of these bundles aie 
the chaiacteustic of the ovogeiious stem 

They foiua a centric system — the \yleru ton iids the 
tentie, the phloem ton aids the penpheiy The paien 
chyma enclosed in the vnsculai cjhndoi is the pith or 



FlO llA — Transverse portion of stem of Oossy 
pium (cotton plant) showing one annular 
niig of xj lom and phloem elements with 
mtervenmg cambium layer 

medulla, and its exteiisiuns ontwaids between the vascular 
bundles are called pith or medullary rays, and act as 
stoiage cells for reserve food mateiinl 
But the most obvious featnie of the tiansveise section 
of a fotest tree, viz , the annual lings, lemauis to be 
elucidated 

In the xylem phloem bundles theie is a cential portion 
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of meiistematic tiBsne, winch continues the piocess of cell 
division and diffeientiation, contiibnting new xylem on the 
one side and phloem on the othei And further, this active 
tissue, known as cambium, extends fiom bundle to bundle 
acioss the pith (lays), assuming tlieiefoie a etiuctuial ring 
The annual accietiou of new tissue, which is a pioduct of 
the cambium, is thus maiked as in a ring (Fig 11a ) 

As the tiunk oi stem mcieases in giitb, an incieasing 
poition of the xylem ceases to take pait in the conduction 
of watei, the ascending sap passes thiough the younger 
tissues or sap wood, which becomes differentiated in colour 
and otbei aspects fiom the heart wood , m fact, it is this 
differentiation of the aap wood fiom the heart wood by 
the foimation of vessels, tracheids, and fibies of larger 
diameter and thmnei walls m the foimer tissues, that selves 
to accentuate the well-marked chaiacteis of the lings. 
(Fig lln) The concentiicity of the lings varies also m 
different tieea, the gymnosperms, for example, aie ex- 
tremely regular, whilst in some angiospeims the rmgs aie 
more oi less wavy, and in others again, such as the beech, 
the rings aie crested The new phloem deposited m contact 
with the old, causes luptuie of the latter, and it pulls or 
scales away more or less lapidly 

The balk of tiees is veiy complex in stmctuie, very 
variable m chaiacter both as regards its stiuetural com- 
ponents and its proportion and massive distribution, 
generally it is not permanently associated with the stem or 
trunk, as are the new wood tissues This is also m accord- 
ance with our superficial observotions of the habits of 
trees 

The conspicuous feature of the dicotyledonous stem is, 
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Iheu foie, the collateial \ascnlai bmitlle, open ui the sense 
Uiat tlie canibuiin constitutes a connecting tissue iiulang 



1 10 llB — Trsinsvoraa Hoction of a three year old atom of 
Tilm (Lime 'rreo) At centre pith thou lom (wood) 
in thioe soparate rings 'Jiiwards the peinihory 
thocumbiiim nng then phloem and coitioul tissue 

the bundles. In contrast uuth this, the monocotyledonous 
stem is composed essentially of a ground tissue, and 
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Bcatteiod but closed iibio A'ascolai bundles, ? e , ■with no 
connecting cambium (see Fig 5) 

This aiiangement implies an absence of pioiision foi 
laige inciease of diametei, and the stem of a peiennial of 
this type IS eolumiiai oi cyliiidiical lathei than conical 
Theie is a toiiespondmg lack of piovision foi developing 
an incieose of foliage by way of a system of blanches 
The foliage is thus a cioun of leaves, as in the palm 



Fig 12 — Date Palm Tjpical Monocotylodou Poreniual 


(Fig 12), which remains very much the same from year 
to yeai (Cmnpaie with Figs 12b, 12a) The vascular 
bundles generally develop steieome tissue, i e , scleienchy 
matous thick walled fibres which, in association with the 
vessels, constitute the fibies and vasoulai bundles 
We have now become awaie of the principal structural 
elements of a wooded stem, and we can analyse some of 
the aspects of wood sections which aie fanuliai to us as 
the “ giain ’’ 
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usually the \yleni elements aie paiallel to the axis, iii 
v\hiLh case we have the toini "stiai^ht giain”, hut 
irioguhuities appeal m tlie giowth of the laiious tissues 



n aq 
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effect, or (2) lu the foimation of branches and adventitious 
buds, pioducmg the effect known as “ buii ” Other 
uiegularities aie seen in the piojeetions of the xylem 



r 


12(3 — Oak Typical Angiosperm Exogenous Perenniol 

element® from the rings, causing the “ bird's-eye " effect so 
well marked in the maple 

In the angiospeims the medullaiy rays are much more 



niL STllUCLI'RVL LriMJ^rs Oi A\OOD 

hjfflilj (lo'sclopf'd than jn Iho f?^ninos 2 iemis, and (On&titriilc 
in homo cases a liii ”0 iioicentagc of the wood 

In the oah the iniiiniiy nicdnllaiv ia>s lna^ lie Inult np 
of bevel il hundied lows of colls, and when sem in uuhal 
sections ai^iDcai as aihciy handh, oi sihei 'is it .s 

toi med 

Some of the i^oiilais fieqnently have the uicdiillniy 
syfltein aggiogated togethei in s[)Ots known as “ ]iiLh 
llc( ks ” which help to ideiitifj the bjiocios 

may note that m addition to the foimntinn oE the 
hgno cellulose or piiuiaiy pliant f>nhstun<e(eotp 57) \ iiions 
othei iiioduets of becietion aie foinied Pioteins, oi intio 
gciions hodieb, cai boliydi ates, gliicosides, icsins, and otiuu 
aioiiiatic substances, acids, such as taniiio acid, djo studs, 
winch nil pait paiticulai chaiiicteis to the woods, and aid in 
its identification 

PmsicAii PnopBiiTiLs oi Woons 
Wen]ht — This depends oiion the condition of the wood 
in relation to inoistiao, and as legaids stiuctiiie < e , uiioti 
the propoiiiion of small heavily hgnifaed vessels such as 
would be illustiated by the “henit wood,” tins being 
relatively much moie dense than the moie distended 
vessels of the " sap wood ” 

The following table illustiates the density of vauous 
woods — 

Wood DenPiti 

Vei 7 light Poplar 0 26 0 4 

Light bjnuce and Pine 0 4 0 G 

Moderately heavy Bucli and Beech 0 6 0 7 

Heavy Oak 0 8 and upwards 
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Ilaiduess — This is nsaally measured in teims of the 
numbei of Lilogiams lequued to foice a punch of 1 sq cm 
in aiea to a depth of 1 27 mm into the wood, peipen 
diculai to the diioction of the fibies 

The following table illnstiates the lelative haidness in 


decieasmg piopoitions — 

IlftrclneBB in 

Wood 

kilogiams 
lier sq ciii. 

Lignum Vitre 

793 

Oak 

225 

Beech 

200 

Most conifeiouB woods 

100 

Cotton tiee Bombai Mnlahaiicum 

— 


(tj'pe of softest wood) 


Stjeiuith of If ooclit — This may be defined ns the lesistanoe 
offeied by the W'ood to any foice tending to bieak the fibies 
acioss (tiansveise stiess), or to oveicome the cohesion of the 
fibres (longitudinal stress) 

In the testing of woods various other sti esses aie applied, 
but the breaking strain, as stated above, is by far the most 
impoi taut 

It IS found that in broad leaved tiees the lateral resistance 
IS fiom ^th to ^th of the longitudmal resistance, and m 
the coniferous ^yh to ^th. 

Tetmuyei of Zuiich has arranged in the followmg table 
the lelative resistance of the woods to vanous stresses — 

Transverse 

PreBSure Tension Orushing Sheanng 

Beech Beech Oak Beech 

Oak Oak Beech Oak 
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IV iiifvoi'so 

I’lC-vSlllP 

Liiicli 
Silvei Fir 
Spuice 
iScokh Pine 


Ton‘'i(in 

ScoU li Pine 
Lfiicli 
Spi uce 
hilvei Fii 


Ciiwlimj, 

Laich 
Sihei Fii 
Rpiuee 
Scok-h Pine 


Sheiiiinj? 
Laieh 
Spi uce 
Sil\6i Fii 
Scotch Pine 


It ^^as foniul thit Scotch pine hnil the loMost techiiiciil 
value, silvoi hi 2D pei cent gieatei s])rueo 20 pei cent 
gieatci, laieh 00 poi cent gieitei, oak beech '15 pel cent 
gi eater 

T\m) ollu i factore iihually (loteimniocl in wood aie (1) the 
aah, that is the ainnunt of iiioigHiic constitiunts left after 
hiuiiiiig tlie wood, which h a siiiall piopoition by weight 
though volununouH , (2) the calonfu, or fuel, value of the 
wood On ail a\cuigo it is found to bi about f,000 
calories oi heat units, in othei woitls, one unit of weight 
of dry wood on huiiiiiig furnishes heat which would laise 
4,000 units of weight of w'liler I'^C 

The foregoing brief t iposi nnidiea the fundamental con 
ditions of fitness of a given wood oi wood substance foi 
conversion into n hbious raw mateiial These aie piiniarily 
a large inoportion of elongated colls oi blue, and as the 
basis of economic pioductioii of such pulps, it will be 
obvious that the massive perennial stem fulhls essential 
industrial conditions of growth, transport, and treatment 
for conveiBion into pulp, which result m low cost of 
production 

The processes of pulping to be dealt with in a subsequent 
chapter, are of two kinds (1) a simple disintegration by 
wot grinding, to a " mechanical ” pulp jiiucli pulps are sub- 
stantaally the oiiginal wood aubBtanco, deprived incidentally 
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of watei floluble eonatituents (see p 97) , (2) chemical 
piocesses which aLLatk the ligneous constituents and conveit 
them into soluble deuvatives, leaving the cellulose which 
pieseives the foim and dimensions of the oiiginal fibies 
constituting a “ chemical ” pulp composed of the fibious 
stiuctuial elements of the wood in the fully lesolved 
condition (see p 120) 

The niimbei of woods fnlfillnig what is a veiy exacting 
specification of lequiiemeuts, is extiemely limited Actually 
the wood pulp industiy is based upon the utilisation of 
conifeious woods and poplai 



CHAPTER II 

I OLLTilirOSr A ClIEMICM lMmiUtJ\T ANDl'iriCAl COITOin 
II nil MtlMlSI LOAIIIEV, LTf NO cru I L(JS>L, MLCIVI 
oubmtcUj noih on AuxovroiiioN, and iiE&ruiuis oi 
■\\ I iinssnii 

Thj invostigalioii of the iiafciue luitl conipoKition of the 
AAOoila IS a pioblem of “oit'anic thoiiiistry’ Tlio isood 
flubstance 18 m all cases a complex of (iiiboii compounds 
The woods present vaiiatioiis m toniposition which au 
definite and chuiactenstio , but those aie only minor 
diveigencos fioiii a common typo As repieseiitative of 
the type we may take two individuals 

The ]ate fibie— the hgnihed bast fibie of an annual, a 
simi>Ie tissue — and beech wood, which ropresents perennial 
growth, and from its natme is an assemblage or mistuio of 
structmal elements 

We have in the previous chapter spoken of " hgmfication " 
as a process Moiphologieally it is a process of thickening 
by inciustation, and occoidmg to recent leseaiohes this 
incrustation is a process of foiming adsorption com 
pounds, the colloidal hydrated celluloses fiist elahoiated, 
taking up soluble colloidal pioducts fiom solution in the 
camhium limds 01 “sap”(H Wisliceaus, Zaffa/i KoUoidi, 
1910, p 17), cheimcall;^ it is regarded as the formation of a 
cellulose derivative by combination of eelluloso with 
certain acid and unsatuiated ketomo groups, tho lesultiug 
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compound oi complex being a liqm celhdosf Gonveisely, 
by vaiiouspiocesses which attack these acid and unsatuiated 
gioups, the ligno cellulose la lesolved into deiivatives of the 
lattei which aie soluble, and cellulose which is lesistant 
and insoluble The sepaiation oi isolation of cellulose is 
attended by diaintegiation , the aggiegated structure is 
resolved into its component units, which aie cells, mcludmg 
111 this geneial teim fibres and vessels In the ligno- 
cellulosea these aie of small dimensions, 2 — 8 mm in 
length, and 02 — 03 diametei A mass of such units m 
contact with watei constitutes a “pulp” The separated 
cells retain then dimensions and general structural 
chaiacteiistica notwithstanding that the elimination of the 
non cellulose components is attended by consideiable loss 
of substance, te , weight, and the cellulose may theiefoie 
be regarded as the more peimanent skeleton oi fiamewoik 
of the cell The quantitative relations of this resolution 
are of impoidiance The following peioentage numbeis 
characteiise the typical hgno celluloses — 

Oollalose Lignone 

Jute 70—80 80—20 

Beechwood 60 — 60 60 — 40 

It may assist the student m estimating the practical 
significance of these chemical facts to point out that a 
ligno cellulose is related to cellulose somewhat in the same 
way as an alloy of gold with baser metals is to gold Gold as 
a “noble metal” is relatively non*reactive, and especially 
distinguished by resistance to oxygen, and is tbeiefoie 
permanent m the an and generally unaffected by the 
conditions which prevail on the earth’s surface Cellulose 



flLf^UrdM is A < IirMK U, 7M>1\1I)UVL il 

13 lesistinl; to o\}f'ui iincl walci, and is peimanent im(ki 
UiL pii\ailinf' coiitlitionK of oiu planet A f(fil(l alloj is 
amenalile to the attack of oxygen whieh combines with the 
eonBtitiient iiiotaltt, conveiUng tliem into oxules, oi of 
leagonth which (.lisholvo the basei metals as salts the gold 
IS left as elemental V metal Similaily cellulose is olitmned 
as aiosidue lesiatiiig the action of leagonts siicli as tliloune, 
caustic alkalis oi hiaulphitos, all of which combine 
(hieetly with the ligiione gioups, foi leasoiis which will 
appeal 

It would take us outside the scope of our piesent treat 
uient of thf subject to attempt an exhaustixe < rpoy of the 
cluiinstry of these natmal products The spei lal unlliue 
which we give may he regiudedasthe uieducihle mmnuinu 
necessary as the foundation of the chemical technology of 
the subject We have alieady implied that the woods aio 
modihed celluloses, horn which their more impoitant 
constituent, that is the cellulose, is loadily isolated 

Cellidoseih a carbohydrate , it is deiived from the sugars 
and under seveie treatment may he leaolved into sugars 
Its ultimate composition is lepieaented by the formula 
k(CoHio 06), and, in breaking down to the simplest sugar, 
CoHiaOo the process may be foimulated as one of simple 
"hydrolysis” u(CnHioOa) + nHaO = nCoHiaOo But of 
the mechanism of this resolution we are piofoundly 
Ignorant Indeed, it cannot he said that the above equation 
of hydiolyais has been verihed experimentally Recent 
researches of H Ost and L Wilkeumg (Chein Zat , 
1910, 84, 461), establish a oonveisioa of cellulose into 
fermentable sugars to the extent of 90 pei cent of its 
weight, with a residue of acid pioducts The above equation 
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18 theiefore not nioie than an approximate pictme of the 
underlying facts This la equivalent to the statement that 
we are eiitiiely ignorant of the actual constitution of 
oellulose 

We aienioie familiai with another complex caibohydi ate, 
staioh, nhioh has a similar empiiical formula H(GGHioO|i) 
Staich IS quantitatively lesolved into the sugars, maltose 
and de\tioae, by hydrolytic action deteimined by reagents 
or hy ferment actions and under conditions which enable 
us to follow minutely the stages of the transformation 
These reveal the extreme complexity of the aggregate which 
ooustitutes staich But although we can closely follow this 
chemical disintegration thiough its stages, we are unable to 
integrate these results of analysis into a fonnula, still less 
by any laboratory process to leascend the scale and trans 
form the products of resolution back to staich A foi tioi i, 
the pioximate constitution of cellulose is problematical 

Staich and cellulose ore not only closely Imked by many 
analogies which, have been established by comparative 
investigation in the laboratoiy, but in the plant they stand 
in intimate, m fact genetic, lelationship, as evidenced by 
the transformation from one to another, and the equivalence 
of then vital functions in many lespeots Piemismg these 
relationships, we may state that the ultimate component 
groups of cellulose are those of the oarbohydiates generally 
and of the sugars m particular — le , saturated compounds 
and derivatives of polyhydnc alcohols — generally lesistaiit 
1 e , non-ieaetive But the special chemistry of cellulose 
has to do with the complex or aggregate The particular 
featpte of cellulose is that it enters into a number of 
reactions, combining With other bodies to foim highly 
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chftificteiistic tlorjvafcives, in which the essential properties 
of tho aggiegate aie fully maintained Those properties 
are letognised in the following (a) the colloidal chaiactoi 
istios of the solutions of the oiiginal cellulose, as of its 
elheioal deiivatives , (b) the stiuetiual chaiaLtoiistics of 
the solids obtainable from these solutions by elimination of 
tbe solvent, (c) the weight lelations of the pioducts, the 
cellulose maintaining its integrity as a complex What wo 
have to set foith as a sketch of the special piopeiLies of 
cellulose will follow this older of idea 

I 

CiUuloseaB a Ti/pKal Colloid — ^It may be said geneially 
that we know very little of solid substaiites , it is only in 
solution or the fluid state that matter lends itself to quanti 
tative analytical investigation It is m tbe manifestation 
of associated piopeilies in solution that compound matUi 
has come to be legarded as falling into two great divisions, 
Crystalloids and Colloids Crystalloids aie ciystallme as 
solids and when dissolved in neutral solvents constitute 
limpid solutions. Colloids aie non crystalline or amoiphous 
and dissolve to viscous oi gelatinous solutions On evapo 
rating the solvent the formei resume then crystalline foim, 
the lattei constitute struotuieless masses, these may be 
transpaient, and if spread over a relatively large superficial 
area they take the forai of a film or sheet A. faimluir type 
of colloid 13 gelatin Gelatin in 10 — 20 per cent aqueous 
solution at temperatnips of 50 — 100”, is a viscous liquid, 
the solution on cooling to 20 — 30° solidifies to a jelly or 
“gel ” The “ gel continues to lose water at its siuface 
and, by w'lthdrawing water fiom the lutenor, continues the 
process of desiccation The “ an di y *’ solid finally letains 
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15 per cent of its weight of moistuie, which requiies a 
highei temperature for its expulsion The dry solid is 
lelatively inelastic or buttle 

There are vaiioua views current as to the causes undei 
lying these phenomena Any such view oi “ theory of the 
colloidal state ” must set out horn the obseived expeiimental 
facts which aie, chiefly (1) The antithesis between sohd 
ci'ystalline and amoiphous mattei , (2) the coirelatively 
diveigent piopeities of these two types of mattei when in 
solution thus, the crystalloids aie generally eleett olytea 
they aie conductois of the electiio current, by which they 
are leadily decomposed, taking up the electnoal energy and 
splitting into polar constituents , the colloids aie non-con- 
ductors in this sense The ciystalloids aie dxffimhle, % e , 
they leadily pass through membranes such as parchment, 
or parchmeiitised paper — the phenomena being classified 
under the term oainosia , the colloids are not diffusible — 
that IS, exert no osmotic piessure m solution — and conse- 
quently are not transmitted through such membranes or 
films 

The crystalloids, in dmolvmg, undergo chaiigea of volume, 
accompanied by considerable thermal effects the colloids 
dissolve with reliitively shght volume change Colloidal 
matter, when observed m transparent forms, is optically 
homogeneoua , crystallme matter exhibits selective actions 
whiok are classified under the term polarisation These 
effects m certain groups of compounds, eg , the sugars, 
persist m their solutions It is impoitant to note that we 
have the primary antithesis of solid foim, associated with 
differentiated relationships to the various forms of energy — 
electricity, heat and hght It must not be assumed, hoyr- 
ever, that there is any sharp distmction of one form of 
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matter from anothei the antitho-sis is an opposition of 
evtromes emphasised liy ttie loinpiiison of t^pmal lepre 
sentatiies But these cxtieines giadnate on eithei side 
Into foims of mattoi which liave the chaiacteiislics of both 
Tlieie is an impoitant deduction fioin those lelatioriships, 
which IS that thionghont the soiioa the ultimate piopeities 
of mattoi are involied as the conditioning factoi of the 
“ physical ” state It was foiineily held that the antithesis 
of ciystnlloid and colloid was of “ physical ’’ significance 
only, that is, depended lather upon proximate relationships 
than iiiion the ultimate properties of nmttei, winch are 
“ chemical ” Wo cannot pursue this theme at any length,, 
and we must refer students who aim at moie fundamental 
analysis of phenomena to special tieatises, instancing more 
particularly “ Neue Gesiehtspunkte /ur Thoone dor Kol 
loide ” (E flordia, Erlangen, 15)04), and other critical and 
experimental contiibutious which connect the properties of 
colloids with the modern theory of solntious As a general 
text book we need only mention "Giunduss dor Kolloid 
chomie,” by W Ostwald (Diesden, T Steinkopff) Foi a 
geneial itsume of the hteratiue of colloids coveung the 
earlier periods, the " Bibhographie der KoUoide," by 
A Muller (Leipzig, 1904, L Voss), and for present develop- 
ments the scientific serial “ ZeiUilu ijt po Chcmie ^uul 
Induatue dei Kolloide ” (Diesden, Stemkopff) As a 
general review of the chemistry of cellulose considered as 
a typical colloid and the probable relationships of its 
colloidal characteristics to chemical constitution, the 
student may consult “ Researches on Cellulose," II (1906), 
Cross and Bevan 

Cellulese is itself insoluble in all neutral solvent liquids 
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The “solutions of cellulose” are in all cases solutions of 
derivatives Theie aie two main gioups of these deiiva 
tives — 

(a ) Colloulal doidle salts of cellulose with metallic salme 
compounds, viz , zinc chloride and cupiammonium A 
“ solution of cellulose ” lesults from digestion with these 
reagents in aqueous solution, and the cellulose is separated 
fiom these solutions by mere dilution It is obtained in 
a gelatinous, hydiated, and of couise, structuieless foim 
The piecqiitated cellulose retains the metallic oiades, but 
these aie readily removed by treatment with acids The 
solutions have a high viscosity and the limit of fluidity, foi 
the purpose of the practical applications of these solutions 
IB reached when the peicentage of cellulose m solution is 
6 — 7 Higher percentages m flmd solution are attained at 
the expense of the integrity of the cellulose aggregate, that 
13, by various processes of hydrolysis , thus, by employmg 
with the zmo chloiide various and increasing proportions 
of hydiochloiic acid, or by previous treatment of the 
cellulose with both acid and basic reagents, which resolve 
the aggregate by hydrolytic actions It must be noted that 
the state of disintegration of the aggregate persists in the 
level ted product , the cellulose recovered from the solutions 
by precipitation is more or less degraded m its structural 
properties 

(b) The esteis of cellulose are the derivatives which 
result from the combination of its OH groups with Acid 
radicals The most important of these aie the Nitrates, or 
se^alled Nitrocelluloses, the Acetates and Benzoates The 
Benzoates aie of no practical (ue , mdustrial) importance. 
The Nitrates and Acetates are formed by the action of the 
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acids or then anhj dudes upon cellulose The “ niLiation ” 
01 “ atotyliifcion is piogiessive, and to foim dinu itives 
soluble in \auoufl iieutial liquids the d( gief of esteiititiiLioii 
must piocted beyond a teifcain hunt, mz , that lepioseiited 
b) the combiuation of two of tho OH gionps of the unit 
CebTinOr, Actually the deiuatnes most coiumoiily einploy^ed 
aio, m the case of the nituitos, the esUis iiitei mediate 
between the dimtiate and triniliate, in tlie case of the 
inetates, the comph te solubility of the estn lequiiis a 
stage of estoiihcatioii closely uppio'cimating to thopiodnc 
tion of a ti lacotate 

The soheiits employed are ni the ease of tho nitiates, 
othf r-alcohol, alcohol and uiniphoi, ethyl autate ate 
tone, and vaiiations of these The act tabs aie soluble in 
a uioio hunted lungo of liquids, of winch chloiofnini is the 
most nnpoitant and chaiattoiistic , othei soheiits are 
acetic acid, phenol, and pyiidine It is nnpoitant to note 
that these estcis aie pioduced with a iiecessiiiih largo 
increase of weight of tlio pioduct us conipuied with the 
original cellulose, resulting tiom the intiodoction of the 
relativolj heavy acid oi negative giouji This will be 
appieciated from inspection of the equations lopiesentiiig 
the limiting leactions thus — 

Lellnloso NitiiiiAcul Water Cclliilii'=e Tnnitintt 

CflHuiOs + fJ HNOa = 3 HoO -f- C(iH,Oa (NOgla 

1G2 (8 X 68) (3 X 18) 297 

Cellulose Acetie \cid Cellulo e Tmeotate 

CfiHiaOs f 8 CiHiOa 3 HaO + CcHiOa 8 fCaHaOa) 
162 18 X hO) (3 X 18) 288 
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an inciease of "weight m eithei case of ovei 76 pei 100 of 
cellulose 

Thete combinations, involving such laige increases of 
•a eight, ma'y lake iilace under regulated conditions, without 
affecting the stiuctuial mtegiity of the fibie , the esteis 
differing but little in exteinal appearance from the original 
cellulose 

They now dissolve in then respective solvents to 
stiuciureless solutions, which are fluid at concentrations of 
10 — 16 pel cent of the estei It is to be noted from the 
weight lelationsbip above set foith that these concentrations 
are in their equivalent of cellulose 0 — 8 per cent 

Fioni these solutions the csteis aie recovered unchanged, 
by evaporation of the solvent, oi by lemoving it by the 
action of a liquid, which mixes "with the solvent but is not a 
solvent of the cellulose Fiom the esteis so recovered, the 
cellulose can only be regenerated by the chemical process 
of saponification, that is, by the attack of certam alkaline 
agents winch combine with and lemove the combined acid 
gioups and restore the OH groups of the oiigmal cellulose 

In the industrial uses of these compounds they are 
sometimes employed as such, oi ns in the pioduction of 
artificial silk, the solution being drawn or spun through 
fine oiihces and solidified to the artifiual thread which m 
the case of the nitrate is then denitiated oi saponified to 
cellulose 

The mdustiial process is therefore in the latter case a 
complete chemical cycle, the ester stage being, for all 
pi-actioal purposes, merely a solvent-plastic condition of the 
cellulose 

(c ) Intermediate between these two groups and combming 
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thru csfientml fratmcs is tlie deiuatno kno\in ns the 
Buljilio (fiilioniite, 01 in solution, us viscose 'J’ius I'l a 
\vatoi soiuIiU cfitei of celliilost, formed I)\ ticvtinr rellnlosi 
with strong Holntions of the alkaline hydiates, i (j , caufetu 
Hodii, and the coiiiponnd ho oht lined, oi alkali cellulose with 
cal lion hi sulphide The estei is thus h\ntliosisfd iii the 
two Htages, and its final foim is the Hodiiim salt of ci lliilosa 
\uiilhogeiiif ac'id, i couipoiind fiooh solnhle in w itei 
The aijneoiis solutions of these dtinitives (iiscose) me 
structuichss, and at cellulose concentrations of 8- 113 pn 
(cut , ale biithcii iitiv fluid toi manipulation thioiigh lilliis 
and foi passage Uiiough lino oiifices under sm ill piessnies 
{8c( ]i 217 ) 

The icaction wdiicli piodiiees these compounds is a 
lew Jhiblc out , and the sohilions, on standing, spontaneously 
rtveit to cclliilosu hy dissucialioa of the alkaline ulphiu 
ipsidiies The cycle of synthesis and decomposition may 
be ropiesoiitcd h> the snhjoiuoil ditigiam — 

iSyiitliPhis 

,, Allvaline hvdiate \ (Solution of 

Cellulose I — > Xanthogeuio Ester 

Carbon Bisulphide / 

, "Viscose 

^Cirbnn disnlphido 

J Alkali and jnoducts of and Cellulose {Ilydratel 

\ interaction 

Upon those fundamental facts are based a numhei of 
impoitaut industiial applications of cellulose 
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In the pieceaing seotion we have indioatecl that the 
cellulose in the form of these soluble cleuvatives is a 
stiuctuielesa colloid In the plastic condition it may be 
made to take any desiied foim, and it is pioduced indus- 
trially m filament oi thiead, m film oi sheet, oi, lastly, in 
massive solids of any lequiied dimensions The special 
featuie of these ai tificial foims is a particular continuity of 
substance Tn passing fiom the state of solution to the 
ultimate solid foim there aie no bieaks m this continuity, 
and the stiiietuial chaiacteiistics of these aitificinl forms 
are conditioned by this fact, which, m turn, lests upon the 
ultmnvte constitution of the cellulose substance oi matter 
This fiually must be held to be intimately associated with 
its typically colloidal piopeities 

The piactical effects or consequences of these coii'-titu- 
tional piopeities aie seen m the qualities of lesistauce of 
the deinative solids The mechanical piopeities of the 
nrtihcial threads, which are expiessed in terms of tensile 
strength oi tenacity, extensibility (elasticity), are essential 
factois of then textile applications These piopeities aie 
compaied and brought to numeiieal expiessiun in vanous 
ways thus the tenai ity is measured in terms of the 
maximum weight which the thread will support As an 
aveiage figure we may take this as 8,000 — 9,000 grms 
pel squaie millimetie of section Anothei mode of 
expression of the physical fact is m terms of “ breaking 
length,” that is, the length of the particular fabiio lepre- 
sentmg such breaking weight Elasticity is the maximum 
elongation of the thiead under stram from which it will 
revel t to its original dimepsions when the stiain is 
removed This may be 2 to 8 per cent Extensibility is 
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the plonffiition of tho thieiid \\heu stiainod to its liretihing 
point Tlufi \aiieH fiom 10 to 20 pel cent ^ Those cellulose 
tlneinls aie known as “ aitilioial bilks,” and it is evident 
horn tho teiiii, that they me apidied to siiinlai piiiposes ^s 
the natural silks It is of intoieslj Iheiefoie, to eompaio 
tlicse piodiiets in logaid to Ihoii tuudainontal intchaineal 
properties We ([note from a papci on ‘Collnloso and 
Chemical Indiistij ” (Cioss and Eovaii, Jaitni Soi Chun 
hul , 27 , vm) 

Tho eouipaiisoii with silk isduict and simple buko both 
repit simt amoiplious colloidal mutter oi suhstnnee 

The aititipia] silks may he taken as showing the following 
lango of teitile quality — 


Oiiitnine 

• Pireakinff stTfiin 01 tuiiicitj perimit di iiioi 1 (t — 1 t 

1 \toii“ibilit> iiudei Ijri il>in„ btmiu 1 —17 a 

True elasticity i u— o ‘'j 

The coi responding averages foi the tiue silks (in tho 
boiled-off state) aio — 


Bieakiii^ strain or tenacity perdomer 2 0—2 “i 

r^tonsilulit) under brooking strain 16" — 2b% 

True oliisticity 4% — 6'% 


Stiehleneit has established the following lelationships, 
which aie nupoitant (Chem Zut , 1901, p IlOO) 

The breaking lengths are exjiressetl m terms of kilo- 
grammes per equal e millimetre of section, which is a 

1 Those points am further elundatod in Chop X 
* Deuiet la the unit weight/leiigth mgr per 10 laetros 
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satiBfactoiy basis of eompaiison m view of the close 
struotuial similarity of the pioducts investigated — 




Drj 

Wet. 


CTiina raw siUc 

63 2 

46 7 


rreucli , ,, 

50 4 

40 9 

“Natural . 

IT- *1 

boiled off 

26 5 

Id 6 

,, d 3 odred weighted 

20 0 

16 6 

Bilk* 

,, blue black at 110 pei cent 

12 1 

80 


, , , 1401561 cent 

79 

63 


t , , 11 , 600 per cent 

2 2 

— 

“Artifioial 1 
Bilks ’ ^ 

' Chaidonnet ) xt i i f 

Lehiiei f process j 

14 7 

17 1 

1 7 
43 

Lustra 

1 Gflanzstcff, ouprammoniuin process 

19 1 

3 2 

collulosea 1 

[ Viscose, vauthate process 

21 6 

63 

The lustra celluloses are thus inferior m 

tenacity to 

the silks 

but when these are “ weighted ” 

there 

IS a 


loss of stiength beyond that which would he diiectly 
pioportional to the degree of “dilution” of the silk 
substance 

As the weighting of silks is very largely practised, it 
will be seen that the lustra celluloses are quite on the 
average level of textile quality, even in this highei 
sphere 

In regard to elasticity and extensibility, which are 
important con elative measures of textile quality, a similai 
senes of lelations obtams 

The lustra celluloses, on the other hand, have a special 
relationship to watei, the colloidal cellulose havmg a con- 
sideiable hydiation capacity In actual practice this fact 
18 not of such moment as to impede the veiy rapid progress 
of the industry in these new textiles 

That this pioperty or relationship of the ceEulose is 
modifiable appears to be a leasonable deduction from the 
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general reactivity of cellulose It has been pieaumed by 
investigatoia that the cellulose (hydrate) is susceptible of 
modification, either by intimsio oi constitutional change, 
01 by reaction to fonn a new derivative, in such a way as to 
yield a product more neaily resembling the normal cotton 
cellulose m lesistanca to hydration At this date there is 
only one method which has given promise of industrial 
lesults m this desirable direction 

The cellulose, notably in the form of aitifioial silk, is 
treated with formaldehyde in aqueous solution containing 
also auMliaiy agents determining combination 

As a result of the combination it appears there is some 
constitutional change in the cellulose itself accompanying 
the fixation of the HjCO gioiips, and this suggestion is of 
moment, as it indicates a capacity ofinteiual stiuctural 
modification which offeis an attractive field foi leseaich 
It IS of particular interest to note that the artificial silks, 
though produced by ti eatmenls of cellulose presenting the 
widest contrasts in chemical and physical conditions, aie 
closely similai m then pioperties It is evident from this 
that though cellulose is, in chemical language, extremely 
labile, it is nevertheless so constituted as an aggiegate as 
to be equally stable, oi resistant to change 
The level Sion of cellulose oi of its esters horn the 
solutions above enumerated, m the form of film or sheet, 
introduces no novel features of the product The qualities 
of the film which condition its industrial employment ore 
tensile strength and elasticity 
In the pioduction of solids m massive forms, a number of 
factors are introduced with the exaggeration of the third 
dimension, and only one of the solutions, viz , viscose 
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lends itself to the pioduction of cellulose products of this 
oidei The nitiate solutions which aie the basis of the 
highly impoitant celluloid industry area plastic foim of the 
nitiate oi cellulose ester, and the forms into iihich it is 
fashioned while in the plastic state aie but little difleient in 
dimensions fiom those of the permanent and iigid solids 
into which they pass by evapoiation of the solvent 
These are constituted of the unchanged nitiate or cellulose 
estei No economical method has been devised for tinning 
out the acid groups from the esiei in these massive forms 
and thus aiiiving at cellulose m coiiesponding foims But 
the viscose solutions m spontaneously reverting to cellulose 
and solidifying may be cast, at tins stage, into any desired 
form The masses so obtained ai e composed of the cellulose 
m a much hydiated state , but though letaming nine times 
its weight of water (of hydiation) it has, nevei theless, a con- 
siderable mechanical resistance Permeated as it is with 
the alkaline sulphui by-pioducts, it requires exhaustive 
washing to i amove them The purified mass of hydrated 

cellulose, if now dehydrated and desiccated by exposure to 
the atmospheie, paita with its water continuously and 
progressively, shrinks upon itself, and finally, is obtamed 
in tianspaient or tianslucent masses The cellulose solid 
so obtained is an extiemely resistant material 
The propel ties of this material may be compared with 
those of other sohdsused m construction, and it will be seen 
to have qualities of a very high order 

Lastly, we have to call particular attention to the 
facts which have been generally noted as regards the 
weight relationships of these cycles of tiansformatioiis 
Tokmg the two extreme cases, that is, with the widest 
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diveigence of the conditions of reaction and with reference 
to the same unit of cellulose, which we may conveniently 
take at 100 paits by weight 

Cycle a CeUtdoae Nitrate Cellulose {luidi ate) Acid 

One hundred paits of cellulose combine with nitno acid 
(with elimination of water) becoming 165 parts of cellulose 
nitiate, dissolved in alcohol ether to 16 pei cent solution 
(equivalent to 9 per cent cellulose) and spun to thiead, 
denitiated with ammonium-magnesium sulphydiate, and 
reverting to 108 paits by weight of cellulose hydiate 

Cycle /3 Cellulose Xanthogemc Estei Cellulose hydiate 

AlLahne 

One bundled parts of cellulose combine with 60 parts 
sodium hydrate (in piesenoe of watei), the alkali cellu 
lose reacts with 60 parts disulphide, giving 130 parts of 
oellulose-xanthate of soda dissolved to 18 per cent 
solution, equivalent to 10 pei cent cellulose, diawuor spun 
into " setting ’’ solutions (see p 246), which decompose the 
ester and legenerate cellulose, yieldmg 108 paits by weight 
of cellulose (hydrate) 

In either case, therefoie, the cycle is completed without 
loss of substance by the cellulose theie is a slight gam 
due to combination with water 

This IS only strictly true of the normal cellulose, which 
IS repiesented by the fully puiifled cotton fibie Other 
celluloses, notably wood-celluloses, sustam a loss of weight 
due to 9 onveieion mto permanently soluble derivatives, 
which may amount to 10 — 20 per cent Eecipiocally, the 
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viBooBe cycle becomes a constitutional criteiion, a normal 
cellulose bemg one which sustains this cycle of reactions of 
synthesis and decomposition without loss of substance 
These e-speiimental facts define cellulose as a typical 
colloid It has, of course, long been recognised in geneial 
terms that cellulose in its “ oiganic ” forms must be elassi 
fied as a colloid But the colloidal state having become a 
definite objective of investigation, it is evident that the 
mvestigation of cellulose through its compounds and deri- 
vatives IS destined to contribute consideiably to the develop- 
ment of the general theory of the colloidal state For this 
reason, added to the fact that all the mdustiial applications 
of cellulose specially mvolve its colloidal characteristics, we 
have limited our present treatment of the subject to this 
particular aspect 

We now give a brief systematic resume of the properties 
of cellulose as a chemical mdmdual, these tyyioal chaiac- 
tenstics being those of cotton cellulose 

Cbllulosh — Generally the non-mtrogenous skeleton of 
vegetable tissues Type the fibre-substance of cotton, 
purified fiom associated “ impurities " by processes of (1) 
alkahne hydrolysis and oxidation (bleaching) , (2) of 
digestion with hydrofluoric acid, etc , to remove mineial 
impurity 

[OUi\ 

Composition — Elementary j H 6 2 [ whence the empiri- 

V0494) 

cal formula CeHioOe 

ConsUiwtion undeteimiined Is variously regarded as * — 
(1) Polyhexose (anhydnde)<^j.^gg’ 
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(2) Polycyclohexane denvative 

(8) An aggiegate ol gioupa of vaiiable and undetermined 
dimensions, of which only the ultimate terms are known, 
VIZ , CHaOH, CHOH, CO , but the anhydride forms of the 
alcoholic OH giou2is, and the position oi positions of the 
CO gioups lemain undetermined 

Constitutional motstui e is retained by the cellulose m its 
air diy state, vaiymg between 6 and 8 pei cent according 
to temper atuie and saturation of suiiounding an 

Solvents — Cellulose is insoluble in all neutial solvent 
liquids Is dissolved by 

(1) Concentrated solutions of zinc chloride on heatmg at 
80° to 100° 

(2) Solution of zinc chloiide (1 pait) in conceutiated 
hydrochloiic acid (2 paits) in the cold 

(8) Solution of cupnc oxide (hydrate) in aqueous 
ammonia in the cold The cellulose may be recovered 
quantitatively fiom these solutions, though oonstitulionatly 
changed 

Reactions — The above reactions resulting m solution of 
the cellulose are chaiacteiistic , otherwise it is exception- 
ally non-reactive By dilute solutions of iodine, in presence 
of certam dehydiating agents, it is coloured blue 

Cellulose Compounds, % e , Sxnthbtioal Dbbxvativbs 
— EsrERs (a) Nitbatbs — By direct reaction with uitiio acid 
usually in presence of sulpbuiic acid, in which case unstable 
mixed esteis are formed as a stage in the leaction, the 
NOa displacing the SO4H residues The esteis are formed 
without sensible structural modification They aie purified 
from residual SO4H by prolonged boiling with water, and 
are then “ stable ” A series of these esteis are known, the 
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highest approximating to the trinitiate (Ca) (gun cotton) 
the intermediate terms — dinitrate— being soluble in ether- 
alcohol (collodion cotton), the lowest having pihysioal pio 
perties but little different fiom the oiigmal cellulose 

These eaters are variously formulated as nitiates of a 
reactive unit of Ca — O12 — Cm dimensions 

Solvents — The special solvents of these esters are acetone, 
ether -alcohol, nitrobenzene 

Saponification — By ceitain alkaline and reducing agents 
(alkalme sulpbydrates) the nitiic groups are eliminated and 
cellulose regenerated 

(h) Acetatbs — By leaction with acetic anhydride under 
various conditions (1) at 110° direct formation of mono- 
acetate (Ca) insoluble in all neutral solvents and in the 
solvents of cellulose (2) At 140° to 160°, formation of 
higher acetates, attended by solution in the reaction mix- 
ture (3) In presence of catalytic agents (ZnClj — H2SO4 — 
HaPOO at mtermediate temperatures , HaSOi deter min es 
reaction at 26° to 85° The products are usually mixtures 
of tri- and tetracetate (4) When the reaction mix tures 
aie diluted with hydiocaibon the fibrous cellulose may be 
acetylated without solution 01 sensible stiuctural change 
Solients of the higher acetates, chloroform, acetone, 
phenol 

Saponification — The acetyl groups may be removed by 
boilmg with alkalme solutions, the cellulose being regene- 
rated- In quantitative determinations the saponification 
may be effected by digestion with normal sodium hydrate 
diluted with an equal volume of alcohol 
(c) Acid Sulphubio Esxebs — By the action of sulphunc 
acid an extejided senes of esters is fromed, which have been 

t 
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described as cellulose sulphuric acids But they aie 
ceitainly deiivatives of products of lesolution The hrst 
stage results in the formation of a disulphiiiic ester 
CeHaOa (S 04 H)a, but its relationship to the parent complex 
is doubtful The ester is soluble in water , the Ca, Ba, and 
Pb salts are insoluble m alcohol Bypiogressive hydrolysis 
the cellulose is ultimately resolved to dextrose 

(d) AcETO-SuLMArES AND MixBD Esteiis, Containing 
the SO 4 H lesidues associated with acetyl and other negative 
groups in combination, are obtained when snlphuiic acid is 
allowed to act under regulated conditions simultaneously 
with other esterifymg agents Thus a mixture of acetic 
anhydride (60 parts), glacial acetic acid (60 parts), and 
sulphuric acid (4 to 6 parts) acta rapidly at 30° to 40° The 
first product appears to be a neutral body of the empirical 
formula, 

(4 CoH70)S04(CaH803)i„, 

and under the action of water to undergo an internal 
hydrolysis, the SOa group becoming SO4H, which fonns a 
stable combmation with bases The Mg, Ca, Zn salts are 
insoluble in watei, but soluble in acetone (see p 237) 

(e) Benzoates result from the action of benzoyl chloride 
in presence of alkaline hydrates A monobenzoate (Co) is 
obtained by treating cellulose with a solution of sodium 
hydrate of 10 per cent (NaOH) strength, and shaking with 
benzoyl chloride This benzoate is formed with only slight 
structural change The dibenzoate (Co) is obtamed by the 
mteraction of benzoyl chloride and alkali cellulose (mer 
censed cotton) m presence of sodium hydrate solution (16 
per cent. NaOH), Its formation is attended by structnial 
change , the fibrous cellulose is dismtegiated, the dibenzoate 
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being an amoipbous substance The dibenzoate is soluble 
m acetic acid, chloioform 

Mixed Estkbs, containing the benzoyl and nitiic residues, 
result from the action of nitiic acid upon the benzoates 
Simultaneously a nitro group enteis the benzoyl lesiduo 
Alkali Cblluiosb — The fibrous cellulose undeigoes con- 
siderable structural modification undei the action of solutions 
of sodium hydiate of 12 to 26 per cent NaOH Theie is a 
definite synthetical reaction m the latio CoHioOe 2 NaOH, 
which 18 a stage in the foimation of the dibenzoate (supm) 
The compound is completely dissociated by water by 
treatment with alcohol an equilibrium is reached when the 
reagents are associated m the ratio OuHaoOioNaOH 
The alkali cellulose hydrate, of composition 

Cellulose 80 

Sodium hydrate 16 

Water 65 

IB the first stage m the synthesis of cellulose xanthogenic 
acid, which results from the interaction of the alkah cellulose 
and ooibon disulphide at ordinary temperatures The 
sodium salt is soluble in water It is an unstable compound, 
the solution undergoing spontaneous progressive change 
The solution, which is highly colloidal finally sohdifies 
By reason of the charaetenstio reaction of the xanthates 
with xodme, 

OX XO OX — XO 

CS CB + Ij = 2NaI + CS< >CS, 

SNaNaS S - S 

the progress of the change may be followed, the essential 
feature being the ehinination of the OSa lesidues with re- 


! Cellulose Sodium hydrate, 
CsHioOe 2 NaOH > 
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ftggiegation ot the cellulose units Well maiked stages in 
the senes occui at the points denolecl by the empin 
ca-l forumlES CiaHigOoCSSNa The foimei lepiesents an 
equilibiium attained aftei the solution has lemamed for 
somehouiB at the oidinaiy temjieiatiiie the lattei is reached 
in fiom thiee to four days The cellulose undei the reaction 
acquires a inoie acid chaiactei, an additional OH gioup 
combining with alkali The lower terms of the senes, 
though insoluble m water oi dilute saline solutions, aie 
dissolved by the addition of sodium hydrate The sodium 
atom in combination with the CSS residue is not attacked 
by weak acids, such as acetic acid By double decomposition 
with soluble salts of Cu, Zn, etc , the conesponding xanthates 
are produced as insoluble colloidal precipitates 

In the above reactions the cellulose aggregate is maiil- 
tained , the solutions of the derivatives are viscous and 
colloidal , but the following 

Reactions of decomposition, which are determined by 
hydrolytic and oxidismg agents, the duections of resolution 
aie extremely various and the relationships of the products 
to the original aggregate are undetermined 

(a) SuLPHUEio ACID, sp gi 165—166, dissolves the 
cellulose as a disulphuric ester , but decomposition attends 
the reaction, and on diluting and boiling the hydrolysis is 
earned to the extreme molecular limit, the final product 
bemg dextrose 

(b) Hydhobbomio acid m ethereal solution attacks the 
cellulose profoundly with production of biom methyl fur- 
fuial The formation of this compound mdioates a previous 
or intermediate stage in which the products of lesolution 
are molecular ketonio bodies of carbohydrate constitution. 
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(c) Hydbochlobio acid m presence of ■water, dilute sul 
phuric acid, and acids geneially, attacks the cellulose aggie 
gate 'With pi eduction of a vaiiety of deiivatives (1) 1??- 
eoliiUe These aie generally teimed hydrocelluloses They 
are disintegrated lesiduea of the original fibres , they diffei 
chemically fiom the paient aggiegate m the piesence of 
free aldehydio groups, and m readily yielding to the action 
of alkalis (2) SoliMe moleculai pioducts, chiefly dextiine 
and dextiose 

(d) Alkalind H-tohates and Alkalis geneially have little 
action on cellulose m the form of dilute solutions — even 
when tieated at elevated temperatuies Sodium hydrate in 
solution of concentrations of 12 pei cent NaOH and upwaids, 
combines with the cellulose, producing profound struotuial 
modifications (mercerisation), but without resolving the 
aggregate 

At higher concentration and tempeiature the cellulose is 
partially dissolved, but even under the conditions of a 
“ fusion ” at 180° the resolution is limited to the conversion 
into alkali soluble modifications, which are precipitated m 
the colloidal form on diluting and acidifying At higher 
temperatmes (260°) and 'with larger proportions of the 
alkolme hydrates, the cellulose is resolved into acid products 
of low molecular weight, chiefly acetici acid and oxalic acid. 

Oxidants — The dlieotions of oxidation of cellulose aie 
hkewise extremely diversified The aggiegate manifests 
atoBiderable lesistanoe to alkalme oxidants in dilute form, 
e^g , solutions of the hypocMontea, permanganates , but when 
the lumt IS passed the oxidations which lesult are drastic 
in the sense hat the soluble pioducts are of low molecular 
freight, ohihfiy carhomo ahd oxahe acids The ;aeolu))lf 
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fibious lesiclueB, more oi less diamtegiated, are known as 
oxj'cellulosea They contain fiee aldehydic gioups, are 
easily attacked by hydiolysing agents, and on boiling with 
hydiochlonc acid fl 06 ap gi ) aie decomposed with 
production of some furfural 

Eesolved by the action of concentrated, solutions of the 
hypochlorites, cellulose yields chlorotoim and carbon tetra- 
cliloiide The hypobiomites give the coiiesponding biomine 
deiivatives Nitric acid (1 25 sp gi ) at 180° conveits 
cellulose into a senes of “ osycelliiloses,” which are lesolved 
on boiling with calcium hydrate into acid products, among 
which iBoaaccharmio and dioxy butyric acids have been 
identihed In the original oxidation small quantities of the 
highei dibasic acids — sacchano and taitaiic acids — are pro- 
duced, but the mam pioducts aie oxalic and caibonio acids 

"With ehromiG acid an endless senes of oxidations may be 
effected, the degree of action depending upon the proportion 
of the active oxidant and the associated hydrolytic action of 
mineral acids The oxycelluloses pioduced are distinguished 
by relatively large yield of fuiffuial when decomposed by 
boihng HCl Aq (1 06 sp gi ) In presence of sulphuric 
acid there ensues complete combustion, and the reaction is 
the basis of quantitative analytical methods 

Resolution by Ferment Actions — Under the actions of 
specific organisms the cellulose complex is totally resolved, 
the mam pioducts being methane, hydrogen, and coibomc 
and fatty acids The decomposition may be associated -with 
the action of an enzyme; but a remarkable feature of the 
process is the absence of intermediate products, at least in 
the cadits hitherto mvestigated In the digestive tmct of 
the heijbiyora cellulose is resolved, end from the mvestiga- 
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tion of the process, neeessaiily by indirect observations, it 
appears that, in addition to a destructive lesolution to 
ultimate gaseous products, there occurs a resolution to 
pioximate groups of high nutiitive value, which are 
assimilated by the animal oiganism 
Resolution by Heat, Dest) uctive Distillation — The decom- 
positions of cellulose at temperatuies exceeding 260° are 
necessarily extremely complex 

The groups of products show an average pioduction 


Solid 

30 per oent 

Charcoal oi pseudo- 
oaibon 


Liquujl 
60 per cent 
Containmg 

Acetic acid (2 per oent ) 
Methyl spirit (7 pei cent ) 
Acetone, furfural 
tar (12 per oent ) 


Glftseoiis 
20 per oent 
Chiefly 
CO and COa 


the actual pioportions and composition of these mixtures 
varymg with the temperature and duiation of the heating 
General View of the Decomposition of Cellulose — It is 
clear that the cellulose complex breaks down under destruc- 
tive mfluences, m duections depending upon the nature 
of the attaekmg agent, its oonoentiahon, and all the 
surrounding physical conditions The study of these 
decompositions has thrown but httle hght on the actual 
nature and constitution of the cellulose aggregate , for the 
reason, perhaps, that we have endeavoured to mamtam a 
basis of mterpretation such as is applicable to ordinary 
molecular compounds oi complexes If we regard cellulose 
as the analogue of a complex salt m presence of waler, and 
endeavour to follow the reactions of decomposition as we 
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should the changing equilibmim of a colloidal salt sohitton 
undei the action of leagents we have a basis of working 
hypotheses which will be found to stand the general test of 
credibility — that is, they tend to progress in investigation 
We make this observation in lefeienee to the matter which 
we have just endeavoured to reduce to short, systematic 
expiession, hut which obviously cannot effectually be so 
treated, because it involves the entire theoietical basis of 
oui subject — that is, the actual state of matter and the 
•distribution of the reactive unit groups in the cellulose 
complex, and this basis is as yet entirely undetermined 
The Cellulose Gioup — Piom the typical cellulose we pass 
to the diversified cpoup of ceUuloaea Their general charao 
teiistics are those of the prototype, the vaiiations they 
present are especially such as involve the undetermined 
factors of constitution With these there are ceitam cor 
relative variations which afford an empirical basis of 
classification These are (a) ttie degree of resistance to 
hydrolytic and to oxidising agents, (b) the percentage 
yield of furfural when decomposed by boiling HCl Aq, 
(o) elementary composition, in respect of the ratio C 0 
The fibrous celluloses aie grouped as follows — 



Cotton 

Wood cellulose 

Cereal cellulose 

Type 

sub-group A 
Bleach^ cotton 

sub-group B 
Jute cellulose 

aub-groiip 0 
Straw cellulose. 

Elementary 

j (C) 44 0-44 4 

43 0—48 6 

41 6—42 5 

Composition 

((0) 600 

610 

63 0 

Furfural 

01-0 4 

3 0—6*0 

12*0—16 0 

Other character- 



istics 

No active 

Some free 

Considerable 


CO groups 

CO groups 

reactivity of 
CO groups 
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Of these gioupa the following points may be noted — 

A — Compiises, m addition to cotton, other mdustiially 
important celluloses, eg, flax, hemp, and ihea They 
occui in the plant world in association with compounds 
easily removed by the action of alialis They pass through 
the cycle of reactions involved in then solution as xanthate, 
without hydrolysis to soluble derivatives 
B — These celluloses aie obtained as products of decom- 
position of a compound cellulose They may be legarded 
as paitially bydiated or hydiolysed They are moie 
readily attacked by hydiolysing agents and, in the xanthate 
reactions, are partially resolved to alkali soluble derivatives 
0 — These celluloses aie m most cases a complex of 
structural elements, and not homogeneous chemically 
They aie still less resistant than the precedmg group, and 
moie especially the furfural yielding components, which are 
selectively attacked under certam conditions 
The cellulose gioups, as above, pass by imperceptible 
gradations mto a heterogeneous class of natural products 
which, while possessing some of the chaiacteristios of the 
celluloses proper, are so readily resolved by hydrolytic treat- 
ment that they must represent a veiy different constitutional 
type 01 types To this group of complex carbohydiates the 
class-name /temiceZhdose has been assigned They are struc- 
turally different from the fibrous celluloses, occurring mostly 
in the cellular form (paienehyma, etc ) They differ m physio- 
logical function and m bemg readily resolved by hydrolysis 
into the crystallifie monoses 

II 

We have now to deal with the complex of groups in com- 
bination with the cellulose in the ligno celluloses They 
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aie convejuently grouped under the neutral term “non 
cellulose”, but m view of then leading chaiacteiisticB, 
which are those of the di-ketones, oi luoie particularly 
qmnones, they are more aptly described by the toim 
“ liguone ” 

A hgno cellulose as a compound of cellulose and hgnone 
IS differentiated fiom cellulose in many impoitaut respects 
Fust, in elementaiy composition it piesents a sinking 
contrast, as will be seen from the subjoined numbeis — 



Celluloso 

Typical Ligno-oolluloseR 



Jute 

Pliiewoofl 

Beoohwood 

Carbon 

44 4 

47 0 

48 4 

491 

Hydrogen 

61 

61 

63 

62 

Oxygen 

49 6 

469 

45 3 

44 7 


Applying a statistical calculation to one of the ligno cellu- 
loses, we may conclude that the hgnoue complex is a body 
of much higher carbon contents (67 per cent ) than cellulose 


(44 pel cent ) Thus 

\ 


Carbon 

Ligno-cellulose 

Cellulose 

76 X 44 
100 

88 00 

Jute 

Lignone 

26 X 67 

14 26 


100 

— 




47 26 


Fuidiher we may calculate from the figures that the ratio of 
the elements m the hgnone is approximately Oj Ho Oo 
expressed on a Co unit 

Two reactions of the hgnone are of importance in enahhng 
us to fix this empirical formula more closely, as wfiUjis 
ceriam constitutional relationships 
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CJiloiiiie — The lignone leacta quantitatively with chloi 
me combining with the halogen, that is, in a chaiacteiistic 
and mvaiiable propoition In the case of jute this proper 
tion IS 8 per cent of the ligno-cellulose, and an equal 
proportion is converted with hjdioehloiic acid In the 
woods, the chlorine combming is highei in propoition 
to the highei peicentoge of lignone f.ioups, but the 
hydiochlorio acid piodnced is much highei The chlor 
mated complex is soluble in ceitoin neutral solvents, such 
as alcohol The analysis of the chlorinated deiivative 
obtained fiom jute establishes the formula CibHibCUOq, and 
the investigation of the reaction has shown that the lignone 
is integiaUy attacked The chloi mated derivative reacts 
with sodium sulphite in aqueous solution, and is converted 
into a soluble sulphonated denvative, bemg quantitatively 
eliminated fiom the cellulose This reaction is employed 
for the quantitative resolution of the ligno cellulose and the 
estimation of its cellulose contents The chlorinated group 
in the lignone derivative is identified as a qiiinone chloride, 
and the complex thereby definitely connected with the 
aromatic or lienzene group of carbon compounds The 
chlorinated group is converted by treatment with nascent 
hydiogen (zinc and sulphuric acid) into a denvative of 
pyrogallol , and the complex is thus closely related to 
the “tonnms,” of which the trihydroxy benzenes are as 
characteristic constituent groups Incidentally it has been 
shown that the lignone complex, m further contrast to 
cellulose, contains but a small proportion of free hydroxy 
groups 

Bwdpliitee — The lignone leaots integrally and selectively 
with the bisulphites of the alkali and alkahne earth metals , 
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a ligno-cellulose tieated with solutions of these compounds 
at elevated tempeiatures and nndei j^^esame is quantita 
tively resolved into cellulose obtained as an insoluble lesidue 
of the ultimate fibies, and soluble sulphonated derivatives 
of the lignone This process is not only quantitative, but 
fulfils the fuither requirements of an economical industiial 
process, and it is therefoie extensively employed in the 
piepaiation of wood cellulose oi wood pulp fiom the woods 
of the oonifeiai As an mdustiial piocess it will be fully 
described m a subsequent chapter At this point we are 
conceined with the nature and composition of the soluble 
by-piodiicts, which aie, in effect, the hgnones in combina 
tion with the bisulphite lesidues These compounds have 
been separated in vauous derivative forms and analysed, and 
the following empirical formulss have been established — 
{Celhiloae, pp 200, 201) 

From analyses of product precipitated by hydiochlonc 
acid 

Ca4Hu(CB[8)aSOia 

Fiom analyses of compounds obtained by precipitation with 
lead oxide 

CsMHa4(CHa)aSOi2 

Brominated derivative 

C2iH2s(ClHa)jBi4SOii 

The parent molecule oi lignone complex of the wood may 
be taken to have the composition 

CsiHsi (CHalaOio 

The above reactions of the lignone complex are specially 
eharactenstic , they aie simple and quantitative, and as 
they are devoid of secondaiy complications, the derivatives 
are m simple relationship to the paient complex But the 
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more complete charaoteiisation of the lignone is necessaiily 
based upon the study of leactions of decomposition 

These are, however, extraoidmaiily complex, and in 
accordance with oui piesent treatment of the subject, our 
desciiption will be limited to a geneial outline 

Chromic Acid in presence of a hydrolysing acid attacks 
the lignone complex in the cold The reaction has been 
specially studied in the case of jute The impoitant 
featuies of the decomposition is the complete breakdown to 
acid products of the lowest molecular weight — caiboi e, 
formic, acetic and oxalic acids This bears a dueet 
interpretation m refeienee to the constitution of lignone , 
it excludes hydrocarbon nuclei of any but the smallest 
dimensions, notwithstanding the laige dimensions of the 
lignone formula , and further implies a relatively high 
proportion of CO gioupa, alternating m periods of short 
drmensions with hydrocarbon groups When the reaction 
IB applied to the ligno cellulose the action is confined to 
the hgnone, so far as it may be described as a destiiicUve 
oxidation, but extends to the cellulose m converting it into 
an " oxycellulose ’’ laigely soluble m alkaline solutions 
Nitno Acid attacks the ligno celluloses at all concentra- 
tions and temperatures, and undermost conditions effects a 
destructive resolution of the lignone The following are. 
the results of a statistical investigation of the decomposition 
of jute ligno cellulose — 

Llgito-oelli4oA« and Nltria Acid (10% HNOn) nfc 60— EO^ 
Oellulose a OxpIio aoid Complex mistalile aoid. 
Solid products , 63^66% 40 — 6fi% 

Tolatile products Acetic and Formic acids (14 — 18%) 

Gaseous products From HNOs From Ligno-cellulosB 

NA,Ni0»,IT,O,N>,HQN COj—CO— HON 
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Cellulose o is a more stable and resistant cellulose 
by contrast with cellulose (3 which is attacked undei 
the above conditions, though resistant to ehloiine, and 
theiefoie to the conditions of the piocess described on 
p 59 

This leoction has been the subject of various patents and 
attempts to develop upon it an indnstiial piocess foi the 
piepaiation of cellulose 

As legaids the theoietioal beaimgs of these lesults, the 
fai reaching lesolution of the lignone under an attack 
which cannot be described otherwise than as of very 
model ate intensity, furthei conhims the conclusions as to 
the pievalence of CO gioups m the hgnone complex, 
alteiuating with hydiocarbon groups of relatively small 
dimensions Of othei acid lesolntions we shall mention as 
yieldmg chaiacteristic products 

Hydi ochlonc Actd — The aqueous acid at a concentration 
of 12 pel cent HCl (sp gr 1 06) determines a highly 
complex senes of changes at the boiling pomt Both the 
cellulose and hgnone aie piofoundly attacked The 
oharaoteristio product is the volatile aldehydio substance 
furfuial, which distils, and maybe quantitatively estimated 
in the distillate The yields of this aldehyde aie charao- 
teiistic of the various types of ligno-celluloses — 

Aveiage yields of fuifural ^ Jute . . . 80 

from typical hgno- 1 Beechwood 18 0 

celluloses. I „ punf Alkalis 12 0 

Coniferous woods 4 0 — 6 0 

Iti may fee noted that the furfural-yieldmg constituents 
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of the ligno-celluloae occupy an inteiiuediate position in 
function and lelation between the lignone and cellulose 
Thus m isolating the cellulose by the ehloiination process, 
a cellulose is obtained which yields 6 — 8 pei cent fuifural 
on boiling with the acid , this cellulose is the /3 cellulose 
mentioned on p 61 Fuithei, on treating the ligno 
oeUulosea with alkalme hydiates in the cold, a constituent 
IB dissolved, which is sepaiated on acidifying the solution, 
as an amorphous colloidal piecipitate Beech wood yields 

this product in exceptional piopoition It is known as 
wood gum It 13 characteiised by its high yield of fuifuial, 
VIZ , 38 — 48 per cent according to its degiee of “purity,” 
i e , the fieedom from associated groups of the chaiacteiistio 
component This body is a “ Pentosan,” an anhydride 
of the Cb sugois, an analogue of starch, which may be 
regarded as an anhydride of the Co sugar dextiose These 
Cb sugars do not occur free in the plant world , but m the 
form of these amorphous and colloidal anhydiides aie very 
widely distributed as constituents of plant tissues The 
condensation to furfural as a mam reaction, though 
charaeteiistio of these Cb sugars, is not an exclusive 
constitutional mdex, and there are many possible group 
mgs which might undergo this condensation It is there- 
fore usual to adopt the more general term of fuifuroid 
m desoribmg such plant or constituents as yield furfuial; 
the nariower idemification as a pentosan depends upon 
the actual production of the Cb sugars as products of 
hydrolysis 

Alkaline Decompoaitiona — The lignone group is attacked 
by alkalme solutions at elevated temperatures and converted 
mto soluble denvatives, which are acid m character, but 
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foi the most pait of ill defined constitution The cellulose, 
lesisting the action of these leagente, is sepaiated and is 
obtained as a disiiitegiated mass of fibions or cellular 
units, constituting a “ pulp ” Upon these decompositiona 
aie based an impoitant gioup of industrial piocesses foi 
the pieparation of wood pulps, which will bo found 
descnbed 

Having by this discussion obtained a geneial knowledge 
of the ligno celluloses as chemical compounds, and also of 
the ultimate eomiioiientgioupsof both lignone and cellulose, 
we aie in a better position to deal with ceilain special 
properties and leactions of the ligno celluloses, either 
involved iii the ludustiial applications of those products 
which they to some extent define and limit, oi employed m 
then quantitative estimation when piesent as constituents 
of a fibrous mittuie 

Some of the characteiistic leactions of the ligno celluloses, 
about to be descnbed, appeal to be due to actual fuifural 
derivatives present m the complex The pentosans, on the 
other hand, if assumed to be the mothei substance of the 
furfural obtamed, are satuiated deiivatives, and their 
composition and properties aie such as would leave many 
of the oharaoteristics of the lignone complex unaccounted 
foi 

Mydnodic Acid decomposes the ligno celluloses with 
hbeiahon of methyl iodide, and the production and estima- 
tion of this volatile product, is taken as the index and 
quantitative measure of metlioxyl OCHs groups piesent m 
the hgno-cellulose This ethereal group is a further 
** chemical constant of ligmfication ” The percentages of 
ethereal methyl groups are remarkably unifoim foi a very 
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laige range of woods or hgno-cellulosea The lollowing 
have been deteimmed (Cellulose, p 189) — 


A Woods 


Haplo 

Stem 

OHa p ot 

Acer Pseudo platantis, L 306 

t 

„ extracted < 

II II 

306 

»> 

„ shavings 

II 1 

306 

Aoooia 

Branch 

Bobima Pseud-Aoaota, 

L Q37 

}} 

Extraoted 

II 1} 

2 45 

Birch 

3 } ears old 

Betula alba 

2 67 

Pear 

Stem 

PlTHis conununis, L 

8 21 

Oak 

II 

Qtterctts pedmuMlatus 

2 86 

f 

II 

1) II 

263 

Alder 


Alnua gluHnosa 

2 89 

Afsh 

Stem 

Fraxinua esceUxor, L 

2 71 

11 

Shavings irom stew 

1 It 

2 69 

1 

Stem sha^ mgs extracted 

II 1 

266 

i 

Shavings from branohes 

II II 

802 

a 

j Shavings from branches ] 
( extracted J 

j" It 11 

2 91 

Fil 

Stem 

Abu.8 evcclsa 

216 


11 

II II 

2 26 

tt 

II 

ti II 

2 39 

f> 

„ (central zone) 

II II 

2 69 

)i 

„ (sap wood) 

« II 

2 82 

1 


AbwB DO 

246 

Pine 


PiiiM si^lvesir^, L 

226 


Stem 

Pmtts lancts 

2 06 

n 

11 

II II 

212 

Oherry 

II 

Pruntta AvtU7H, L 

2 38 

Xiaroh 

II 

Larix emopaa, DO 

109 


II 

It n 

268 

Lime 

It 

Txha parvxfoha 

2 66 

Mahogany 

II 

Sunetmaa Mahagont, Ii 

266 

Wolnut 


Juglans tegta, L 

2 27 


Shavings from stem 

*> II 1 

269 

Poplar 

Stem 

Pojnilua alba 

2 69 

Beech 

II 

Fagua ayhaiua 

802 


II 

II II 

, 2 62 

>T 

„ shavings 

II II 

2*70 

1 “Extracted” Blgtnflea prerionriy 

eihansted with water 

alcohol 

and ether 

Otherwise the speoimezis 

were analysed without 

previous 

preparation 
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BIm 

Willow 


Stem 

, ahavinga extiaotod 


Vlmm campestns 

n > 

SaliX alba 


OHj p ct 
2-92 
2 75 
2 SI 


B PiDiioua Phodtjois — Natural and prepai-ed. 


Jute QTjt(pioceHulose) 1 87 

Swedish filter papei 0 0 

Cotton 0 0 

Flax unbleached Linum tmiatisstimm 0 0 

Hemp Cannabis sattva 0 29 

China Crass unbleached Bbhmeria mvea 097 

Sulphite (Cellulose) Ptnus sylvestns 0 Si 


Cork 

n 

Nutshells 

Lignite (Wolfsberg) 
Brown ooal 


0 MiaOELLAKEOUS 

Quercua suber 

t O 

Juglam regta 


240 

2 47 

3 74 
244 
0-37 


In reference to actual molecular proportions it is to be 
noted that in the sulphonated derivatives obtained from 
the lignones of conifeious woods the propoition is mdioated 
by the formula Ca4Hs4(CHa)2S0ia The locahsations of 
these methyl groups is a present object of mvestigations , 
and their presence is established m the celluloses isolated 
from the ligno-celluloses This is taken as an indication of 
a genetic relationship between cellulose and hgnone 
We may now set out the mam features of the chemistry 
of the ligno-celluloses m a brief riaumS as follows — 

With the typical characteristics of the celluloses as 
complex aggregates, the hgno celluloses similarly leact 
With the zmo chloride reagents to form colloidal solutions , 

l 

also to foim esters with mtiio acid, acetic anhydiide 
and benzoyl chloride, respectively nitrates, acetates, and 
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benzoates But such reaotious aie in the mam those of 
the cellulose constituents of the complex, the lattei lemain 
mg unresolved The hgnone groups with which the 
cellulose is combined or associated aie sharply diffeien 
tiated from the cellulose not only by higher oaibon per- 
centage and low molecular proportion of OH gioups, but 
by constitution, they are unsaturated, cyclic compounds, 
and hence react synthetically with chlorme, bisulphites 
and nitric oxides 

They are greedy of oxygen, and are profoundly attacked by 
all oxidising agents, are even subject to progiessive attack 
by atmospheric oxygen Hence the ligno-celluloses as con 
stituents of papers lower the qualities of these important 
industrial products, not only from their mfenor mtrmsic 
paper-making quahty, but from the changes which take 
place as a result of atmospheric oxidation these are, 
discoloration and loss of tenacity Cellulose, as a satu- 
rated compound, is free from this cardmal defect, and we 
have practical evidence of this m the extraordinary 
resistance to atmospheric mduenoes of papers and textiles 
which have been preserved to us from the Middle and 
earher ages 

Associated with these constitutional features we have a 
well marked and diversified dyeing capacity the ligno- 
celluloses are dyed easily and by oolourmg matters of 
widely varymg constitution, whereas the celluloses proper 
have a selective or limited tmctorial capacity 

As regards mtrmsic “ colour,” the ligno celluloses occur 
in forms which would be described as grey, yellow or brown 
— but such colours are mostty due to associated by-products 

When freed from these by oertam standard methods of 
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“bleaching” they assume a blight cream to whitish 
colour But bleaching processes are based upon alkaline 
and oxidising treatments, to both of which the lignone con- 
stituents are extremely sensitive Hence the limitations of 
hgno cellulose textiles, such as jute, in respect of colour 
The substance will not sufficiently resist the necessaiy tieat- 
ments for a “ high bleach ” Another feature of mfeiiority 
IS a ]omt product of the relative shortness of the ultimate 
fibre and iiant of resistance to the chemical actions of 
hydrolysis and oxidation From a practical point of view 
the ligno-celluloses are composed of cellulose units of short 
dimensions (1 — 3 mm ) cemented together by the lignone 
components "When these are removed the fibre is dism- 
tegrated , for it is evident that sti ucturol units of J in length 
cannot cohere, and the strength of a yarn or fabric pre- 
senting this condition can only be that due to the adhesion 
of the fibres, as ui a sheet of paper When wetted the 
adhesion is reduced to a fractional proportion Hence the 
bleaching of hgno celluloses is a matter of practical com- 
promrse, and a ligno-cellulose fabric, bleached or unbleached, 
IS always tending, however slowly, to disintegration, as 
a result of the attack of the natmal and oll-pervadiug 
agencies oxygen and water 

It 18 necessary foi a thorough grasp of the chemical 
technology of the woods, to take the logical load of 
studying the jute fibrg as a stiuotuial type, and the jute 
fibre-substance as a typical ligno-cellulose From the 
latter point of view it occupies the mean position between 
the celluloses and the perennial woods, and it will be 
iound to be generally true of the chaiActenstic reactrons 
of these substancea. Thus jute is attacked by the 
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oupi ammonium reagent and foi the most part dissolved , 
but the hgno-celluloses of the woods are scaicely affected 
Strong solutions of the caustic alkalis produce the effects 
of “ meiceiisation ” upon jute and fibrous ligno celluloses of 
similar composition, but not upon the woods Moreovei, 
if merceiised jute, retainmg the soda (NaOH) be exposed 
to carbon bisulphide, synthesis of a xanthogenio acid 
occuLs, as with the celluloses But the leaction is compli- 
cated by the presence of the hgnone groups, and the 
product, mstead of being entirely soluble to a structureless 
solution, IS swollen or distended by water to practically 
mdefinite limits, and after being so distended, if then 
decomposed it reverts to a fibious mass In the case of 
the woods, on the other hand, there is no perceptible 
attack even on prolonged joint action of the alkali and 
carbon bisulphide The higher proportion of hgnone con- 
stituents m the woods, with decreased percentage of 
cellulose, has the effect, therefore, of producing a condition 
of resistance to reaction, or chemical meitness Doubtless 
this is related to the physiological functions of the woods 
and their persistence during the prolonged peiiod of life 
of trees, and this property of mertness is attained by 
mciease m groups which are highly reactive and extra- 
ordinarily " labile ” The result appears to be paradoxical, 
and mvolves a natural equihbiium of obviously profound 
significance 

This will be more fully appreciated from a consideration 
of certam characteiistic colour reactions of the hgno 
ceUuloses, which are a certam measure of, bemg quantita- 
tively related to, then hgnone constituents 

Feme Fenieyamde — The led solution which lesults 
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from the inteiaotion of feino salts and alkalme fern- 
cyanides m solution thus — 

FeCla "t" KaFsCyB — 3 KOI "I” KsaOyg 

colours the ligno-cellulosea a deep blue as a result of 
deoxidation of the feme compound and leduction to the 
complex oyamdes known as Pinssian blue, Tuinbull’s 
blue, etc These sepaiatmg as ooUoidal hydiates are 
deposited m a state of intimate union with the bgno 
cellulose substance, and in the case of the ]nte fibie it is 
easy to see by microscopic exammation that the colloidal 
blue pigment is stiucturally mcorporated with the fibre 
substance The amount so combining may be 80 — 40 per 
cent of its weight, without changing the external character- 
istics of the fibre, i e , form and lustie The reaction is of 
nee in foUowmg the progiessive ehmmation of the lignone 
constituents in the processes of isolating cellulose 

Students who wish to follow up this inteiestmg reaction 
are referred to Jowm Soc Chem Ind 
Phenols — The aldehydio and ketomc constitution of 
the hgno celluloses deteimines chaiactenstic reactions with 
aaomatio hydroxy derivatives or phenols One of these is 
exceptionally strikmg 

Phloioglucol, the symmetrical trihydroxy benzene (OeHs 
O^H 0®H O^P[) m solution in aqueous hydiochloiic acid of 
1 06 sp gr reacts with production of coloured deiivatives of 
magenta red hue 

The depth of coloui developed is constant for any given 
ligno-cellulose, and may be used as a quantitative estimation 
of hgno celluloses in mtimate admixture with non-ieactive 
substances such as cellulose 
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Ordinaiy punting papers are a mixture of “ ground 
■wood ” pulp, and “ chemical ” pulp or cellulose, and the 
depth ot coloration obtained in moistening with the 
“ phloioglucol reagent ” affords an approximate measure of 
the proportion of the former or ligno cellulose 

A closei study of the reaction has shown that it consists 
of two phases , the coloured bodies result from a minor 
reaction leachmg a mp,ximum with less than 1 pei cent 
of the phenol per 100 parts of the ligno cellulose the 
major reaction takes place without development of colour 
and “ fixes ” a further 6 — 7 per cent of the phenol in com- 
in ationas aproduct of condensation The colour-ieactions 
appear to be due to aldehydes of the furfural type, probably 
hydroxy furfurals 

As a result of this further investigation a more strictly 
quantitative method has been devised which measures the 
total phenol combining, and by calculation the proportion of 
ligno-ceUulose m mixtures (See Ber Dents Gheni Ges , 
40, 8119, 1907 ) 

Ai omatic Bases, such as anihne and substituted anilines 
react with constituent groups of the hgno-cellulose complex, 
giving characteristic yellow to orange colorations 

With dimethylparaphenylenediamme the reaction is 
more strikmg, the colour developed being a “ magenta ” 
red With the hgno-oelluloses m their normal state the 
colorations are constant, and are therefore an approximate 
quantitative measure of the proportion of hgno-cellulose m 
admixture with non-reacting substances such as cellulose 
The method de'vised by Wurster consists in developing the 
colour reaction and companng the depth of colour with a 
graduated scale of fixed tints. 
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It IS to be noted again tbat these leactions are not 
obaiacteristic of the hgno-cellnlose as such They are 
■weakened by treatment of the ligno-celluloses -with reagents 
of feeble mtenaity, such as sulphurous acid and sulphites 
under conditions which leave the ligno cellulose itself 
unaffected They aie reactions, as in the ease of the 
phenols, with by-pioduot groups, mvariably present 
There is evidence that these groups aie the same as those 
which react with the phenols (Bee also Ber Deuts Ghem 
Oes , 40, 8119 ) 


Ligno cellulose and Photo~chemicdl Phenomena 

We cannot close this theoietical account of the ligno- 
celluloses without intioducing the researches of the late 
W J Bussell on " The Action of Wood on Photogiaphio 
Plates m the Dark ” (Phil Trans B , 197, 281, 1904 , also 
Pioc B S B, 78, 885 , 80, 376) 

We are indebted to Mi W P Bloch, who assisted 
Dr Bussell in these investigationB, for the following notes 
of then results — 

Bussell found that all the woods weie able to give deffnite 
pictures upon a photographic plate, in absence of hght 
The action takes place when the wood is kept at a 
considerable distance from the plate, but for perfect 
definition, contact was necessary The pictures usually 
corresponded ■with the visible stiuctuie of the w'ood , but in 
some cases there was a marked differentiation 
This selective activity appealed to depend in part upon the 
resinous constituents of the wood and its disposition on the 
cells, but also in part upon the nature of the cell-wall 
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Btauotuie itself, which in cases offeied much resistance to 
the passage of the active bodies 

On the evidence the active bodies must be legarded as 
an emanation, but diflfeimg entmely from radio active 
emanations 

All the piopeities ascertained identify the substance with 
hydiogen peioxide 

Oidmaiy photogiaphic dry-plates may be used to produce 
this effect , caie must be taken to select such as have been 
pieserved m wrapping materials themselves unable to act 
upon the plates 

The action takes place slowly at ordinary temperatures 
(one day to twenty-one days) according to the uatuie of the 
specimen, but lapidly at 60 — 56° 0 (half to eighteen 
houis) 

The shorter exposures give shaiper pictures, which 
observation accords with the conclusion that the active 
body 18 of the nature of a vapour or volatile compound 

Bark and pith structuie are almost inactive Within the 
balk there is a bark-forming tissue, which gives alternate 
layers of active and inactive tissue The latter was also 
found to have the properly of bemg impemous to hydiogen 
peroxide 

The activity of the woods is mcreased in all oases by 
exposure to strong light, and observations on the spectrum 
showed that the blue end was particularly active 

The increased activity disappears on keepmg the speci- 
mens attei exposure m the dark 

Eesinous substances extracted fiom a number of woods 
were found to be all more oi less active Fara-abietic acid 
was prepared and found to be particnlaily active It is 



Action oJ: wood on photographio plate in the tkik (W J Bussell, 
Phil Tiwis B 197— i81) 
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Fig 13o— S pruce Pia 13 d —S cotch Fir 
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well known that this body shows the phenomenon of aut- 
oxidation, which is no doubt associated with its unsatuiated 
constitution 

The fossil resms show slight activity , coal also shows 
activity, and attempts were made to apply this to the 
identification of different types of coal 

Woods weie exhaustively tieated with resin solvents, but 
weie found to he still active, and the evidence goes to show 
that we are dealing with a definite pioperty of the ligno- 
oelluloses 

It IS to be noted that a short exposuie to steam oi to 
chlonne gas lenders the wood substance mactive 

The action is aueeted in an atmosphere of carbonic gas, 
but IS stimulated by the presence of oxygen 

Experiments m which the active substance in sufficient 
mass was swept with a stream of air, and the ouirent of au 
afterwards made to act upon a photographic plate at some 
distance, showed that the active substance could he earned 
forwaid 

It was also found that diaphragms cariying any substance 
capable of absoibing and destroying hydrogen peroxide 
aiTested the action 

The investigation is still at this empirical stage Bussell 
has left an inteiesting legacy of highly suggestive obseiva- 
tions, and the matter invites further investigation, as the 
exploiation of the causes is calculated to throw a very 
important light on the natural chemical equilibrium of the 
bgno-celluloses. 



OHAPTEE in 

WOOD nnjps in bblation io sourobs op SDPPi'y pobbst 

TBBBd AND FOBESTBY 

The use of wood pulp as a raw material for the manu- 
facture of papei IS of comparatively lecent origin, its 
commeioial application for this purpose dating from 1869, 
when about 60 tons of mechanical-ground wood pulp 
were exported fiom Norway to England In the following 
year the quantity rose to 600 tons, and fiom that year 
onward the mdustiy has giown by leaps and hounds, the 
total amount of wood pulp impoited m 1909 bemg over 
600,000 tons 

At the present rate of consumption of wood foi paper- 
making, the devastation of forest areas has become so 
senouB a matter that the Governments of the various 
oountnes m which these forests exist aie taking vigoious 
steps m the first mstanoe to prevent their absolute destruc- 
tion, but furthei to secure a systematic upkeep 

It 18 very difficult to airive at accurate figures repre- 
senting the woild’s pioduction of wood pulp, but fiom the 
semi-official published returns an approximate estimate may 
be obtamed In dealmg with these returns it is to be noted 
that the systems of measurement, the methods of recordmg 
results) and the tabulation of the records are diEeient in 
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eaoli country, and suoli figures are of little service unless 
reduced to some common standaid of measuiement 


TABLE I‘ 

Seo'WTN& Awntjal PnoDiJonoH or 'Wood Pulp roR VAniors 
OOONTEIEa, OAnCtTLATiD ON ITIE AlR DbY BaSIS (1907—1908) 


Country 

Meclianical pnlp 
Air dry tons 

Cliemloal pulp 

AIl dry luna 

InUl anniuil 
pitMlULtlun 

Germany 

Norway 

Sweden 

Finland 

Ameiica 

Canada 

Jlo 000 
^ >1,000 

7h 000 

09 000 

808 000 
o05,000 

320.000 

271) 000 

610 000 

52 nOO 

988 000 

172.000 

63o 000 
691,000 

688 000 

121 000 
1,866 000 

737 000 

2,316,000 

2 312,000 

4,628,000 


The most convement unit which may be taken as the 
basis of measuiement for compaiison is the “ coid ’’ of wood, 
consisting of a numbei of short logs, each 4 feet long, piled 
up m a space 8 feet long and 4 feet high Such a pile of 
logs measuring 8 feet X 4 feet X 4 feet = 128 cubic feet, 
IB called a “ cord ’’ of wood The unit of weight may be 
taken m terms of the English ton of 2,240 lbs (See 
P 86) 

These figures do not convey even m such concrete 


1 The BouzceB of mlonuatioxi from wlucb. Table I bos been com- 
piled are as follows — Qennaiiy Figures given by Dr Kirchner in 
“ Woobenblatt,” 1907 Soandmavia Eeport Bntash Wood Pulp 
Association, 1009 Amonoa " Wood Used for Pulp,”US A Bulletin 
Oanada “Wood Pulp in Oanada,” official report, Geo Johnston 
Finland Pafpoi Trade Emew, 1908 
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form any accurate picture of the extensive cutting opera- 
tions -which aie going on, foi the manufactuxeof wood pulp 
Some idea may possibly be obtamed by attempting to 
estimate the numbei of standing tiees felled to supply the 
quantity of pulp ' wood mentioned This will vary in 
diffeient countries according to the nature and size of the 
trees According to general practice, the large trees are 
reserved for lumber and the manufacture of boards for 
bmldmg pui'posea, so that the trees used for pulp may be 
taken at an average diameter of about 9 mches 

The ordinary spruce or pine tree of this diameter will 
yield three logs, each 16 feet long, and when the logs are 
cut into 4-feet lengths, twelve pieces 
The number of pieces required to give a piled cord of 
128 cubic feet capacity is about sixty, so that for each cord 
five tiees would be necessary 
Assuming that 1 ton of dry chemical pulp is obtained 
from 2J cords of wood, and 1 ton of mechanical pulp from 
IJ cords of wood, then the total quantity of timber to be 
cut for the production of the amount of wood pulp shown 
m Table I would be about eight million cords 
A certain proportion of the trees out are faulty and 
decayed, while some are lost in transit from the foiest to 
the pulp mill, so that the actual number felled for pulp 
wood is somewhat m excess of the quantity indicated In 
relation to forestry and the desti action of forests, we have 
to consider, m addition to the wood out for pulp, the number 
of trees requued for timber, and the sum of these figures 
reaches formidable dimensions 
Foi etiti y — The available forest areas of different countries 
have been given by Schlioh as follows — 
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TABLE II 


Country 

Acres (inillio 

Canada 

800 

America 

400 

Eussia 

600 

Austria-Hungary 

46 

Geimany 

86 > 

Sweden 

49 

Spain 

21 

Norway 

17 

France 

28 

Italy 

10 

Eoumania 

5 

Great Biitam 

8 


The preservation of the foiests in wood-pioducmg 
oountiiesis thus an acute pioblem, and of leoent yeais the 
Bubjeot of affoiestation has aioused considerable interest 
m England, especially in regard to the industrial possi- 
bilities , but incidentally also as affecting laintall, and 
therefore general agiicultme One of the most important 
questions, therefore, in this connection is the calculation of 
area necessary to supply a mill continously with wood 
pulp 

For example. What aiea of land planted with spiuce and 
hard woods would be neoessaiy to supply a mill having an 
output of 800 tons of newspaper pei week ? 

This quantity of paper would require 200 tons of mechani- 
cal pulp and 100 tons of sulphite pulp per week, amountmg 
to an annual supply on a basis of fifty Weeks’ work, of 
10,000 tons mechanical pulp and 6,000 tons sulphite pulp. 
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Taking IJ cords of wood as tke quantity required for 1 ton 
of mechanical pulp and 2|- coids of wood foi 1 ton diy 
sulphite pulp, the annual supply of wood necessary is 
12,600 cords for mechanical, and 11,260 cords for sulphite 
pulp, 01 an appioximate total of 26,000 cords 
The actual amount of spruce or pulp piodnemg woods 
per acre vanes enormously in different countiies and in 
different localities, and it is difBoult to fix an average In 
thickly wooded areas which have not been cut over, the 
quantity frequently leaches 40 to 50 coids per acre , but on 
timber lands which have been continuously “ operated ’’ the 
amount may not exceed 8 to 4 cords 

Taltmg 10 cords to the acre as a moderate and probable 
allowance, then m the above case 2,600 acies would be 
lequiied to give the wood pulp necessary for one year If 
the total forest area was 100,000 acres, then the timber 
available would be sufiSeient for forty years’ supply During 
that period the spruce largely lepioduces itself, so that by 
progressive and careful management of the forest in the 
mattei of planting and leproduotion, an area of 100,000 
acres should afford a perpetual supply to the mill quoted 
Ml Paiker Smith, m a paper entitled "Afforestation,” 
read before the English Paper Makers’ Association, 1910, 
says that at the Canadian Convention one manufacturer 
stated he could run his mill perpetually on a grant of 
26,000 acres, which would permit of his outtmg on a forty 
years’ rotation, and yield, on a basis of 10 tons of pulp per 
acre, a total of 6,000 tons annually 
Comparing this statement with the one already quoted, 
and asBuming that the 6,000 tons consisted of 4,000 tons 
meehamoal pulp and 2,000 tons suliihite pulp, the weekly 
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pioduction of the mill -woika out at 120 tons of papei pei 
week, lequiimg 10,000 coida of pulp wood On this com 
putation the manufactuier xefeiied to was calculating the 
quantity of palp wood pei acie to he 16 coids 

Pinchot, the well-known Ameiican foieatry expeit, has 
caiued out some laluahle and elaboiate expenments on the 
subject of the giowth of spiuce A laige iiiea of foiest land 
was caiefully examined foi the natiiie of Ihe timbei, its 
condition, growth, and othei impoitant infonnation 
Caieful attention was given to the late of the giowth of the 
timbei both m the viigin foiest and also on aieas which 
had been pieviously “ operated ” foi timbei The data 
obtained in this mveatigation enabled Mi Pinchot to con- 
struct tables showing the amount of timber wine h could be 
cut from the foiest, and the number of yeais which would 
ellipse befoie an equal quantity of tirnbei could be cat 
fiom the some area One example of this will be 
sufficient — 

A man oivns 100,000 acres, yielding on an average 7 
colds per acre of spruce 10 inches and over m diametei 
How much can he out annually if he wishes to obtain 
a sustained annuid yield, and how soon can he letiirn 
to the portion cut o\ei the first year, and cut the same 
amount of timbei about the same diametei limit as at 
fiist ? 

In the tables published by Mr Pmehot the total amount 
of wood with a diametei limit of 10 mohea appears to be 
100,000 X 7 cords = 700,000 coids, whde the same yield 
of pulp wood could be obtained after thirty seven yeais 
The area to be operated annually will be 100,000 — 87, 
namely, 2,700 acres The annual cut of wood will be 


w p 


0 
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700,000 — 37 = 19,000 cords This illustration, taken at 
random from the expeiiments of Mr Pinchot, coincides 
closely with the othei cases quoted, and if the diametei 
limit was leduced to 9 inches a larger annual cut would 
have been obtained 

The problem of forestry has been studied and woiked 
out on a successful commeicial basis in seveial Euiopean 
countiies In Satony, foi example, the State contiol of an 
aiea of 480,000 acies has resulted in a large and piofitable 
turnover , giving a steady revenue of increasing amount, as 
well as constant employment to skilled labour In fifty 
years the State has realised the sum of £40,000 000, and 
the careful scientific methods of cutting, aided by proper 
attention to means for reproduction, has improved the 
quantity and quality of available timber At a recent 
meeting of the Canadian Forestry Convention it was shown 
that the amount of standing timber in the State o£ Saxony 
had mci eased by 16 per cent , even during the period of 
constant cutting, and that the net revenue was 22s as 
compared with 4« fifty years previously 

The same satisfactory results aie shown by other 
countries in which forestry as a commercial undertaking 
has been treated seriously 

In England the matter has been under consideration 
for some time, and the Eeport of the Committee on Ee- 
afforestation, issued in 1909, is full of useful and 
suggestive evidence It is mteresting to note that the 
waterworks committees of several large mumoipal corpora- 
tions, such as Liverpool, Manchester and Birmingham, 
have taken up the question, primarily for the purpose of 
conserving the ramfaU moidental to the watershed under 
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control, and then turning the laige areas thus acqmied 
for mamtammg the water supply to useful account by 
planting trees 

The attiactiveness of afforestation m the United Kingdom 
IS cleaily shown by the Committee’s report The con- 
clusions arrived at aie briefly — 

1 Afforestation is a practicable scheme, the available 
area in the United Kingdom being 9,000,000 acres 

2 The best rotation to secure a continuous yield of wood 
requires 160,000 acres to be dealt with annually 

8 Afforestation is a productive investment for the 
development of the full scheme, foi 9,000,000 acies 
would require an annual sum of £2,000,000 The net 
deficit would be £90,000 m the first year, using pro- 
gressively to £8,181,260 m the foiHaeth year, in which 
period the forest becomes more than self supporting 

4 After eighty years the net revenue at present puces 
for timber should be £17,500,000 This represents 8f per 
cent on the net cost calculated at accumulating compound 
mterest at 3 per cent 

6 Afforestation creates a new mdustry which does not 
compete with private enterprise, and would affoidpermanent 
employment to one man per hundred acres, and temporary 
employment to a large number of men during the winter 
months 

Cost of Afoo estaUon — The Committee gives the f oUowmg 
example — 

Wb assume, as regards expenses, that — 

1 160,000 acres are annually afforested for sixty years, 
and that the cost of the freehold and expenses of afforesta- 
tion amount to £18 6s 8d per acre 
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2 The annual outlay for administiative expenses is 4s 
per acie 

3 One third of the aiea is worked on a foity yeaia 
rotation, and two thuds on an eighty yeais’ lotation 

4 The cost of re afforestation is £6 10s per acie , and 

6 The late of interest is 8 per cent per annum 

We further assume, as regards receipts, that — 

1 Thmnmga take place at the end of the twentieth year 
and at the end of each successive decade from the date of 
planting 

2 The net receipts foi the initial thinnings amount to 
2s 6(1 per acre, and for the succeeding thinnings are at 
the rate of j£3, £6, £9, £12, and £16 per acre respectively 

8 The aiea which is affoiested on an eighty years’ 
rotation yields £175 per acie on being clear felled at the 
end of eighty years 

4 The area which is affoiested on a forty years’ rotation 
yields £60 per acie on bemg clear felled at the end of forty 
years , and 

6 The rate of interest is 8 per cent per annum 

The annual deficit on the transaction rises from £90,000 
in the first to £8,131,250 in the fortieth year, in the 
forty first and up to the sixtieth year the forest becomes 
practically self supporting , m the sixty first year, and sub- 
sequently, an mci eased revenue is received, but it is not 
until the eighty-first year that the full results are obtamed, 
m this year and subsequently an approximate equahsed 
revenue of £17,411,000 per annum bemg realised Further 
calculations show that the value of the property would then 
be £662,076,000, or £106,998,000 over and above the cost 
of its creation The equahsed annual revenue of £17,411,000 
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represents a yield of £3 16* &cl (aiipioxiinately) pei cent, 
on the excess of accumulated chaiges ovei leceipts 

Measinement of Pulp Wood — The systems foi measunng 
wood used m the manufacture of pulp diffei in the seveial 
countries 

Scandinaua — The wood is measuied m teims of fathoms 
01 of cubic meties, the puce paid foi law mateiial beiug 
determined by lefeience to a table showing the sum to be 
paid for logs of vaiymg lengths and vaiying diameteis 

One fathom = 6 feet 

One cubic fathom = 216 cubic feet 

Oei mantj — Wood is usually measured in Gennnny and 
other Oontmeutal countiiea by the cubic melie A cubic 
metie of piled logs is called aEaummetei, the amount of 
actual solid nood contained in the pile being known as a 
'Pestmetei, the lelation between these measuiements being 
One Baummeter = 0 77 Festmetei 
One cubic metie = 35 814 cubic feet 

Amenca . — Many systems aie in use, the most common 
bemg the measmement by cords A cord is a pile of logs 
8 feet long, 4 feet wide and 4 feet high 

One coid piled logs = 128 cubic feet 

Canada — Measuiements are also based upon the use of 
a cord of wobd, in two ways, the fiist being the piled coid 
of 128 cubic feet and the second a solid coi d which is the 
amount of sohd wood contamed m a piled cord, the relations 
bemg as follows 

One piled ooid = 128 cubic feet in the whole pile. 

One sohd cord = 116 cubic feet of sohd wood 
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This measuiement of a solid cord has been estab- 
lished by the government of the piovince of Ontaiio, 
and was ai rived at by means of a laige number of 
special expeiiments earned out for the purpose of estab- 
lishing a common standard of measuiement It does 
not represent accurately the total amount of solid wood 
in an ordinary cord of 128 cubic feet, but it is a figure 
which has been selected as the standard for the payment 
of dues 

In the province of Quebec a cord of pulp wood is con- 
sidered equal to 600 feet board measure, which relation was 
determined by a senes of elaboiate tests instituted for 
finding the amount of useful timber obtained from logs 
intended for lumber This relation is used as a basis for 
calculating payments due to government, and does not 
necessarily represent the tiue equivalent, which varies 
according to the size of the log 

The true measurement of the amount of wood in the logs 
IB beat Seoul ed by detenmning the actual cubical contents 
of each log separately By this means all errors due to 
methods of piling the logs m stacks or to the varying 
lengths of the logs, is easily avoided 

The importance of this question is easily shown in the 
following test made by an expert 

Forty two logs, each 16 feet long, were piled up carefully 
in a rack, the measurement of the wood being exactly three 
piled cords oi 884 cubic feet The 16 feet logs, after bemg 
measured and piled, were cut in half and agam piled The 
stack was measured and then the logs were again halved, 
.giving pieces 4 feet long, which were stacked up and 
measured Finally the pieces were reduced to, a length 
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of 2 feet, and the pioeesa of stacking and measuimg 
repeated The lesults aie set out in Table I 

TABI,E I 


of 

ptLOLH. 

Length 

fMt. 

LiinonaloDA of pilo 

No of 
piled cords 

Batlo. 

42 

16 

16 X 16 X 4 

3 00 

100 

84 

8 

lx h X 76 

2 81 

W 7 

168 

4 

1 X 12 X 7 16 

2 69 

89 7 

336 

2 

2 X 12 X 13 83 

2 u9 

86 3 


Th& effect of the closer packing rendeied possible by the 
reduction of length in the log is plainly shown in this table 
Thus 100 piled coids of wood measured m 16 feet lengths 
only measuied 89 7 when leduced to 4 feet The latter is 
a customaiy unit of measurement for pulp wood Even in 
the case of wood cut m 8 feet or 4 feet lengths theie would 
be a diffeience of four coida m the measniement, aocoidiug 
to the length into which the logs aie cut This figuie will 
naturally yaiy with diffeient logs, and cannot be accepted 
as being apphcable to all kinds of wood whether of laige or 
small diameter 

The practical effect is also shown m Table II 


TABLE n 


Length of 
piecoa. 
Feet. 

Piled coi’fla 
obtftliied 
from IQO 
Aolld conlH. 


Weight of e 
nilKl coni 
Ibe 

Extra 16 ft logn 
required togl^e 
the piled cord of 
stated leugUiM 

No. of 
cubic foet 
111 I lied 
cord 

16 

137 

14 

3,3SS 

0 

84 8 

8 

128 

30 

3,o80 

1 

90 0 

4 

122 

61 

3 740 

li 

94 0 

2 

118 

129 

3,880 

2 

97 0 
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This table is mterestmg as showing the exact result, in a 
practical manner, of reducing the length of the log, the 
difference being shown not only m the weight of the wood, 
but also in the very concrete fact that an extra log or two 
la lequued to make up the reduction 


TABLE OE EOUlVAIiENTS 



Cubic 

Onblc 

feet. 

Cnbic 

niotros. 

Cord« 

One oubio fftthoin is 

— 

216 

6 113 

1 0687 

One cubic foot 18 

0 00463 

— 

0 283 

0 00781 

One cubic metre is 

0 163 

35 814 

— 

0 276 

One cord js 

0 6026 

1J8 

3 6224 

— 


Wood Pulp Tubes 

The chief woods used foi the manufacture of pulp are the 
species of spruce, hr and pines for sulphite and mechanical 
pulps, the aspen, poplar and othei deciduous trees for soda 
pulps The conifeis aie also used for the manufactuie of 
soda and sulphate pulps For wrappers and fibre papers, 
hemlock is used in considerable quantity 
The following is an alphabetical hst of common woods, 
many of which, however, find no place at present m the wood 
pulp industry These are prmted m itahcs m the name 
column 
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Oomxnon name. 

Botanical luima 

German. 


M 







Bobmia pseudaoacia 

Sobotendorn 

78 

4o 7 

Alder 

Alnus glutmcsa 

Gemeiue-eile 




(Poth-eile) 

40 

29 0 

Ash 

Praxmus excelsior 

Weiss eeohe 

05 

40 8 

,, Mountain 





A ah 

Aspen 

Pynis auoupaiia 
Populua tremula 

Eber-esche 

Zitter-pappel 

(Aspennolz) 

54 

310 


60 

31 3 

Balsam 

Abies Froseri 

30 

22 2 

Basswood 

Tilia Amenoana 

Linde 

15 

28 2 

Beech 

Pagus BilvatiLii 

Eotbuohe 

7o 

10 8 

Btich 

Betula alba 

Unken-holz 

04 

40 0 

Oheatnnt 

Oastanea sativa 

liiistanie 

46 

^8 1 

CoUanu ood 

Populua momlilera 

Wollpappel 

39 

24 2 

Crack IT tlloiv 

Salix fragilis 

Bi uchweide 

45 

28 3 

C'vpreaa 

Toxidi am dietichum 

1 OypresH© 

45 

28 3 

Elm 

Ulmus oompestiis 

Steinlinde (Both- 




rOstei) 

69 

43 3 

Pir 

Picea excelsa 

Piohte Fohre 

49 

80 0 

,, Silrei Pir 





(India) 

Abies pindrow 

Tannenholz-Tanne 

46 

29 0 

„ Silver Pir 




(Europe) 

Abies pechnata 

Taunelholr Tonne 

49 

30 0 

Hemlock 

Manibeam 

Abies conadiensis 
Oaipmua betulus 

Bohierlin^toime | 
‘Weisabuohe i 

42 

26 4 


(Hagebuohe) 

72 

46 0 

Laroh 

Larix Enropea 

Lorohe 

74 

48 1 

Maple 

Acer dasycavpum 

Ahom 

62 

32 8 

Baper Birch 
Pines 

Betula papynfera 

Kiefer Nadelholz 

60 

37 1 

Black Pine 

Pinus austriaca 

Schwarzfohre 

67 

36 4 

White Pme 

Pmua strobus 

W ehmuthskiefer 

38 

24 0 

Pitch Pine 

PuiuB palustris 

Gelbkiefer 

70 

43 6 

■poplar 

White Poplar 
Black Poplar 
Ballow{'WtUow) 

Populua 

Populua alba 

Populua nigra 

Salix capiiea 

Pappel 

Silberpappel 

40 

48 

26 6 
30 0 

Sohwarapappel 

Sahlweide 

48 

66 

30 0 
36 0 

BanUalwood 

Suntalum album 

Santalholz 

98 

60 0 

Spruce 

White Spruce 

Picea excelsa 

Piohte (Tonne) 

42 

26 7 

Pioea alba 

WeisatEume 

40 

2o2 

Tamarac 

Lanx amenoana 

Xioroha 

62 

38 9 

Willow 

Salix nigra 

Weide 

44 

27 7 


ConiferiB Gone beanng tieea 
Deciduous or leaf-beanng trees 


Nadelholz 

Laubholz. 
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The Hutoi y of Mechamcal Wood Pulp — The possibility 
of using wood for papermaking seems to have been 
deduced fiom the E4aumui observation that wasps build 
then nests from paitially decayed wood which they obtained 
from trees oi timbei In 1765 J C Schaffei, a piiest m 
Eegensbuig, published a book containing samples of papei 
made from many law mateiials, and refeiimg especially to 
wood, wiote “it must be possible, though with different 
methods, to make papei stuff from wood and consequently 
use it mstead of the ordmary rags for paper making ” 

This IS an inteiestmg statement in view of the fact that 
nothing was then known of the use of alkalies oi other 
chemical agents foi i educing fibious mateiials to pulp 
Schaffei expeiimeiited with the material of the wasps’ 
nest, with sawdust and shavings Eiom some seven oi 
eight species of wood he made excellent sheets of paper, 
havmg regard to the means at bis disposal He published 
a second edition of his book, entitled, “ Samthche Papier- 
versuche-Nebst 81 Mustem und 13 Kupfertafeln," m 1772, 
and enhsted the services of a papermaker, Meckenhauser, 
to enable him to produce some beitei results 
In 1800 Matthias Koops, a Dutchman, published a book 
which he punted on paper made from stiaw pulp and 
dedicated to King Geoige III He added an appendix to 
hiB woik which was pimted on papei made entirely of wood 
pulp, an idea suggested to him no doubt by the work of 
J C Schaffer Koops was a man of some enterprise, for he 
also issued a work on papei made enturely from old waste 
paper, this being probably the first attempt to ntfiise old 
waste material foi such a purpose ' 

In 1840 Knedrieh G KeUei, a young weavei of Haymoh, 
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m Saxony, reading in a scientific journal of the great 
soaicity of rags as mateiial foi papermaking, resolved to 
keep hiB eyes open foi a substitute In 1843 his attention 
was called to the lemaikable papeilike appearance of the 
wasps’ nest, and lecollectmg that in his school days he had 
ground down cheny stones on an oidinaiy giindstone in 
ordei to make a cheny chain, he tiled the efiect of holding 
a piece of wood against the revolving stone To his gieat 
delight the expeiiment was successful, and he collected the 
fibies BO isolated fiom the wood and made a minute piece 
of paper 

Keller continued his expeiiments, and in 1844 manu- 
factured about 2 to 8 cwt of pulp, which was beaten up 
with lag pulp and made into papei In 1846 he parted 
with the secret of his piocess, and disposed of it to Heinrich 
Voltei for the sum of 700 thaler (£140) ! 

The progress of the new method was somewhat slow, but 
impiovements,including the necessary treatment for refinmg 
the pulp, or removing the coarse chips, were mtioduced, 
and towards 1860 th6 pioeeas was put on a more satisfactory 
footmg In 1862 Voltei was awarded the medal of the 
International Aits and Industiies Exhibition m London 

Between 1862 and 1865 seven or eight pulp miUs were 
elected in Germany and Scandinavia and the manufacture 
of ground wood pulp on a laige scale became an accomplished 
fact 

Htatoi'y of Chemical Wood Pulp — The eaily attempts of 
Koops in 1800 to utihse straw, and hiS few experiments 
with wood as substitutes for rag, may be regarded as the 
starting point m the history of chemical wood pulp The 
matenals were probably boiled with some crude soda ley 
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and subsequently beaten into pulp About this penod soda 
ash, caustic soda, chloiine and bleaching powdei and othei 
chemicals had been intioduced to the manufacturing woild, 
so that the possibilities for leducmg vegetable products to 
the condition of pulp waie much greater 
In 1857 Houghton patented a pioeesa lor digestmg wood 
■with caustic soda at high temper atures in closed vessels 
In 1868, Tilghmann, an American chemist, suggested 
the use of a solution of sulphurous acid gas His eaily 
expeiiments were carried out in lead lined vessels, but the 
woik was abandoned owmg to difficulties connected with 
the constiuction of suitable digestois 
As Tilghmann was the mventor of a process which has 
become the basis of a large and impoitant mdustry, the 
following ywecw of his first patent, as given by Mr A D 
Little, may be quoted as having a peculiar interest — 

The process ot treating vegetable substancee which contain fibres 
with a solution of sulphurous aoid in water either with or without the 
addition of eulphites or other salts of equivalent ohemioal properties 
as above explained, heated m a closed vessel, under pressure, to a 
temperature sufSoient to cause it to dissolve the intercellulai inci listing 
or cementing constituents of said vegetable substances, so os to leave 
the undissolved produce in a fibrous state, suitable foi the mamifaoturo 
of paper, paper pulp, cellulose, or fibres, or for other purposes, aooordmg 
to the nature of the material employed 

I also olaitn as new aiticles of manufacture the two products 
obtained by treating vegetable substances which contain fibres with a 
solution of BulphnrouB amd in water, either with or without the 
addition of sulphites or other salts of equivident chemical properties, 
as above explained, heated in a closed vessel, under pressure, to a 
temperature snScient to cause it to dissolve the interoellular or 
inorustuig constituents of said vegetable substances one of said 
products being soluble ui water, and ooniaining the elements of the 
starchy, gummy, and salme oonstituents of the plants, and the 
other product being an msolnble fibrons material, appboable to tbe 
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manulaoture of paper, cellulose or fibres or to other purpnsfs, 
acooi’ding to the nature of the matenal employed 

I also olaiin the use and apphcation, in the manufacture of paper, 
paper pulp, oellnlose and fibres, of the fibrous matenal produced by 
treating vegetable subslances rybieh contaru fabios wrth a sohrtion of 
eulphurcus acid in water, either with oi without the addition of 
sulphites 01 other silts of equivalent chemical properties as above 
explained, heated in a closed vessel, under pressure, to a teinpeiatuie 
sufficient to cause it to dissolve the inonistmg oi inteicellular con- 
stituents of said vegetable substances 

I also claim the use aud application of sulphites or other salts of 
equivalent chemical piopeities os above explained, in eomhination 
ivith a solution of sulphuious noid in watei, as an agent in tioatiiig 
vegetable substances which oontum fibits when heated theiewith in a 
close vessel, undei pressure, to u tampemtuio siifflciont to cause the 
said acid solution to dissolve the intercellular oi moriistmg constituents 
of said regctahle substances 

I also oluim the leooi oiy and re use of sulphurous acid and sulphite 
from the acid liquids which hove been digested on tho vegetable 
fibrous substances, by boiling said bqiuds or neutialising thorn with 
hydrate of bme 

In 1872 Ekman had develoi^ed a piocess which was 
commeicially successful, and this was intioduced into 
England, at Ilford, Essex, about 1884, a mill being erected 
a few yeais later at Noithfleet m Kent foi the tieatment of 
wood by means of bi sulphite of magnesia 
In 1876, Mitscheilich, a celebiated German chemist, 
experimented with sulphuions acid and devised a method 
foi converting wood into pulp by cooking undei low pressnie 
for a long period, piodncing a half-stuff eminently suitable 
foi ceitam classes of papei 

Numeious and extensive modifications of the oiigiual 
Tilghmann sulplute process have resulted m the evolution of 
an mdustiy typical of modem chemical engmeeiing Such 
modifications lefei to details of woiking, moie particulaily 
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to the type of boilei or digestor, to economy m the amount 
of sulphur used, to impioving oi varying the quality of 
the pulp, and to general efficiency, and are of subordinate 
historical interest 

There has been a good deal of controversy as to the 
priority of original invention of this most important indus- 
tiial development It has always appeared to us that while 
Tilghmann is the pioneer from the technological stand- 
point, on the clear and speciflo claims of his patent above 
set forth, the practical and industrial pioneers were George 
Fry and his collaborator Ekman Some years m advance 
of the bi sulphite process (1869) Piy investigated the action 
of water only at high temperatures and piessuies, paying 
particular attention to the volatile by-products of the 
complex reactions, and in this investigation secured the 
collaboration of the late Greville Williams, who identified 
fuifuial amongst the pioducts of decomposition of the hgno- 
cellulose 

Fmdmg that the resolution of the wood under these 
conditions was limited by the influences of oxidation and 
condensation, it was then suggested by Fry to Ekman, who 
had become associated with these researches, to seek for a 
new chemical condition to antagonise these influences In 
this path of logical though empincal evolution this group 
of pioneers may be held to have independently discovered 
the bi-Bulphite process , and Ekman, with George Fry, had 
the satisfaction of working the piocess to an industrial and 
commercial success at Bergvik, Sweden, then at Ilford, and 
lastly at Northfleet 

The following is a chronological list of mventions for the 
preparation of pulp from wood by chemical leaotions — 
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Name. 

Process 

Payen 

Nitric Acid 

Coupler & Melliei 

Soda 

Watt & Burgesa 

Alkalis 

Jullion 

Alkaline salts 

Houghton 

Alkalis 

Bane iL Blondel 

Dilute acids 

Bachet & Haohard 

Acids 

Tilghmann 

Siilphui ouB Acid and salts 

F17 

Watei at high teinpemturea 

Ekinan 

Magnesium Sulphite 

Dresel 

Soda 

R Mitsclierlich 

Sulphurous Acid and salts 

Ungeror 

Soda 

Rotter Kellner 

Sulphurous Acid and salts 

Oroas 

Watei and neutiHl sulphites 

Franoke 

Sulphiunus Acid and Balts 

Pictet & Dielay 

Sulphurous Acid 

Ginham 

Sulphiunus Acid and salts 

Blitz 

Alkalis and sulphites 

Dahl 

Sulphates and sulphides 

Kelluer 

Electinlytio process 

Lifaohutz 

Nitric and siilphuno acids 

OroBB 






CHAPTER I? 

THH MANUFACTURE OF MEOHANIOAl A\OOD PULP 

The term “mechanical” oi “giound” wood pulp is 
applied to pulp which has been piepaied by a mechanical 
process The principle of the opeiation is meiely the dis 
mtegration of wood into fibies by means of a gimdstone, 
the wood being brought into contact with the stone as it 
levolves The conditions of manufaotuie aie capable of 
considerable modiiication so that vaiious grades and 
qualities of pioduct are possible 

Piepaiation of Wood — The logs of wood, which haie 
been bi ought to the mill from the timbei limits oi other 
Bouices, and which vaiy m length from 10 to 16 feet, aie 
fust reduced to a uniform length of 24 inches by means of 
large circular saws 

The aiiangements in a modern pulp mill foi handling 
the logs and piepaimg them for conversion into pulp call 
for considerable skill and attention in order to pioduce the 
optimum result at mmimum cost 

The short pieces of wood aie automatically conveyed to 
the “barking” room and there deprived of the outer bark 
The machine used for this purpose consists of a heavy 
circular non disc enclosed in a strong casing The 
disc IS provided with three knives projecting from the 
surface of the disc in such a manner that when the short 
pieces of wood ore pressed against the surface of the disc, 
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as it levolves, they aie com2)letely denuded of the bark 
itself A consideiable pioportion of wood is lost in tins 
process, the amount vaiying fiom 16 to 26 pei cent , 
acooiding to the size and condition of the logs The baik 
18 generally burnt in special ovens and utilised as fuel 
The clean pieces of wood may be employed foi the manu 
facture of either mechanical oi chemical wood puljj and 
in practice the pieces aie often soiled out, the clean wood 
free from diit and knots being leseived foi cbenucal pulp, 
and the infeiioi wood being conveited into mechanical 
wood pulp 

Col(l-qi ound Palp — When the wood is giound into fibres 
m the piesence of a laige excess of watei, a fine even pulp 
of uniform quality is pioduced This pulp is known as 
“ eold-giound ” in contiadisUnction to “ hot-giound ” 
pulp, which IS pioduced undei the condition of high tem- 
perature (injia) 

The machine used foi the manufacture of the cold ground 
pulp consists of a hoiizontal giindsloue, usually 60 inches 
111 diameter and with 27 mches breadth of face, mounted 
on a heavy veitieal shaft and encased m a strong cast-uon 
cnculnr box, as shown in ]?ig 14 Aiound the circumfeience 
of the box there are a number of recesses or “pockets” 
m which the shoit 2 feet pieces of wood aie placed 
The wood is pressed against the suiface of the rotating 
grindstone by pistons opeiatmg under hydiaulic piessuie, 
watei being continuously ajiphed to the surface of the 
stone BO that the disintegrated fibres are earned away 
from the stone into storage reseivons for subsequent 
treatment 

IJoi-giowul Pulp — When the quantity of water flowing 
w,p H 
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to the gimdstone is leduced to a minimum then the tempeia 
ture of the mass in contact with the stone rises lapidly on 
account of the fiiclion, and the wood is thus ground to pulp 




Fig W,— View of Honeontal Gmider (a\ with Section (b) 

under entuely different conditions The fihies aie readily 
torn away fiojn the wood, and produce a pulp winch is much 
coaiser than the cold-ground pulp, the fibres Vemg longer 
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The mflchine used foi the manufactuie of this pulp 
consists of a grindstone momited in a vertical position on a 
hoiizontal shaft, operated by a water tuibine The stone 
IS enclosed in a circulai non casing piovided with “ pockets” 
into which the blocks of wood aie jilaced The pieces of 
wood aie forced against the surface of the atone by hydiaulic 
piessuie 

The water is supplied to the giindstone in limited 
quantity, just sufficient being used to pieient the pulp 
fiom being burnt or spoilt The temperntuie fiequently 
rises to 160° Fahr , owing paitly to the gieaier pressure of 
the wood agamst the stone, and also by the conditions 
undei which a limited supply of water is used Pulp of 
this kind woiks freely on a fast-iunning news machine — 
that IS, as the pulp and water flow on to the uiie of the 
papei machine the watei drains quickly and fieely thiough 
the meshes of the wne, and thus makes it possible for the 
machine to be operated at a high speed Many of the papei 
machines used for the manufacture of “ news ” with pulp of 
this character con be run at a speed of 600 to 600 feet per 
minute 

The quantity and quality of the pulp produced as con 

oiled by the conditions of gimding depend on 

(1) The shai'pness of the stones , 

(2) The piessure applied to the blocks of wood , 

(8) The temperatuie of the mass , 

(4) The method of applying the wood to the stone 

In general terms, the quantity of the pulp is mcreased by 
the use of sharp stones and the application of pressure, the 
yield being highest with wood treated by the hot-ground 
lirocesa 
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The coarseness of mechanical ■wood pulp is meiely a 
lelative term, for it is possible to have a badly giound wood 
pulp well screened, gmng a coaise material of an even 
uniform grade, oi, on the other hand, a well giound wood 
badly seieened giving a high-class pulp, spoilt by the 
piesence of long chips or sliveis which have not been 
removed Such shveis m pulp aie a friutful souice of 
" bleaks ’’ on the papei machine, since they locally leduce 
the tensile stiength of the web Coaise pulp of a unifoim 
grade does not produce " bleaks,” but the fibies do not he 
■closely in the siufaoe of the papei, with the lesult that a 
large quantity of “fluff” is pioduced on the type of the 
rotary piiuting piesaes 

The output of a grindei is incieased by shaipemng the 
stone and by increasing the pressuie applied to the blocks 
of wood The effect of using sharp stones is clearly 
indicated by the following expeiimental lesults, obtained 
from two or three pulp mills — 


MUl 

PcHinclA of wood treHtod ihm honr 

Ratios 

Dull stonos 

Sharp stones. 

Dull stones 

Sharp atones 

A 

440 

680 

100 

lod 

B 

037 

1061 

100 

107 

0 

02S 

830 

100 

138 


The amount of wood pulp obtained fiom a grinder depends 
chiefly upon the piessuie applied to the wood in contact 
with the stone, as shown by Eirchner’s elaborate experi- 
ments tabulated m the following table — 
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PressiiiD on stone 
L1>8. per sq In 

ConRnmptlon of 

Tldd of nir-dry pulp 
per hour 

Lbs 

H P Toqnlwl for 

24 hoiiTN for 1 tou 
Air-diy pulp 

1 

1 16 

1 2'i 

86 0 

2 

1 95 

3 30 

56 8 

3 

2 60 

j 16 


4 

6 16 

6 60 

44 0 

5 

3 SO 

7 92 

4^1 7 

6 5 

4 03 

8 0j 

44 4 

6 

4 40 

8 30 

40 4 

7 

6 0 

7 02 

69 0 


The effeottve woik of the stone uudei the conditions of 
the experiment is evidently reached when the piessuie is 
5 5 lbs pel equal e inch, foi at this point the powei required 
for a given output is lowest 

Kuchnei gives the following interesting table showing 
the influence of the condition of the stones on vaiious kinds 
of wood — 


Pboduotioh' ov Pulp peb H P per 24 Houes undeb 
DePINITK ExPEHOIENrAL CONLrilONS 


Wood. 

Woll sharpened stouos 
Lbs. of pulp 

Molerately sliarpened 
stones 

Llts. of pulp 

Pine 

64 

64 

Eir 

68 

— 

Aepen 

89 

63 

Poplar 

61 

6 6 

Lime 

58 

64 

Biroh 

67 

— 

Willow 

7 2 

46 

Aidei 


63 

Oak 


6 1 


In a more complete senes of tnals Kirchnei studied the 
relation between the power consumed with stones of varying 
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degiees of shaipness m pioduemg a stated quantity of 
pulp and the piesaui'e on the suiface of the stone These 
trials 'weie conducted with the hot giindmg process, and the 
amount of pulp produced per twenty four hours was taken as 
100 kilos (say 220 lbs , oi neaily 2 owt ), the stones being 
worked under conditions giving tins output Three stones 
— fine, medium and coarse grades — weie selected for the 
expeiiment The general lesults obtained show that as 
the pleasure increased, the power requiied decreased up to 
a certain point, when any further pressure at once cieated 
a demand for greatei power This is admirably shown in 
the diagram Fig 16, where the experiments with the three 
classes of stone aie shown by the curves, A, fine, B, medium, 
0, coarse 

The maximum output was obtained under the following 
conditions — 


Stone 

FreMore 

T bn per sq in 

HoT8o<power 

Outpnt ill 
24uour8 

A. Pme 

4 2 

4 

220 Ibe 

B Medium 

12 0 

24 

220 Iba 

0 Coarse 

84 

2 

220 lbs 


Excess of pressure is shown by the sudden upward turn of 
the curves, though with the coarse stone this point has not 
been reached 

The immeision of the lower half of the stone in water 
had a remarkable effect on the results 
The pressure can be mcrensed enormously with a corre 
sponding greater efficiency in the Work of the stone, although 
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the power leqimed does not vary much This is shown by 
the cuive D, which oftei a piessme of about 8 lbs to the 
square inch assumes a horizontal position 
liiiohnei found that the output pei unit of area of the 
total gnnding surface was almost pioportional to the 
piessuie 

The diagiam in Pig 15 lepresents the lesults of some of 
the more important teats 

Cline A — ^With a pressure of IJlbs per square inch a 
stone with fine surface lequiied in twenty foiii houis, 
h p , and with a pressure of 8 Ihs per squaie inch, 4Jh p 
The greatest production was obtained when the pressure 
leached lbs per square inch, when the power required 
to treat 2 cvrt of wood amounted to 4 h p 

Curie B — This oui-ve represents the work of an average 
stone which required 8 h p under a piessuie of lbs 
per square inch The power under a higher pressure 
of 14 lbs per square inch was ohly 2J b p for the same 
production 

Cwie C represents the work of a coarse stone, the 
amount of power for a given production bemg reduced by 
the increase of pressure down to a certam point, after whicli 
any further mciease of pressure required a greater amount 
of power This 18 shown by the sudden rise of the ouive 
Avhen the pressure reached 18 lbs per square inch 

Eirchner in his interesting experiments pointed out that 
these tests show the relation between the pioduction of 
pulp with different kinds of stone at diffeient piessuies, and 
shows that for a maximum output under economical condi- 
tions it IS important to choose the light pressure for a 
given stone In a farther senes of experiments he kept 
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the stone paitially immeised in a mixtuie of pulp and 
water The results aie shown in ciuves D and E 
Cwve D — With a piesauie of 4^ lbs pei squaie inch 
the power required foi the production of 2 cwt of pulp per 
twenty-four houia was 6^ hp The gradual inciease of 
piessuie was accompanied by a reduction in the amount of 



Fig 1(5 — Shaking Scieen 

power required, and with a pressure of 16 lbs pei square inch 
the power was reduced to 4 h p The piaotical effect of the 
greatly mcreased pressure was seen m tlie finer condition 
of the pulp 

Screening — The pulp fiom the grmders is caiefully 
screened to remove all chips and insufBciently ground pulp 
Many foims of apparatus aie employed, but all are based 
upon the same principle, the use of plates perforated with 
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fine slits or cirenlai holes allowing all the finei pulp to pass 
through, but letaining all coaise pieces 
The shaking sci een shown m Fig 16 consists of a hoiizontal 
shallow tiay peiforated with fine slits The pulp, mixed 
with laige quantities of water, flows on to the tiay, which is 



Fig 17a — Centnfugal Screen foi Wood Pulp 

kept in a violent state of agitation, and the fine pulp 
together with the water falls through the slits, while the 
coarse stuff is giadually foiced along the surface of the 
tray and eventually falls over the edge into a trough of 
water or a tiavelling band conveyor 
A fiat SCI em is worked on a somewhat Similar principle, i 
but the motion of the plate is due to a violent agitation 
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pioduced m a veitioal direction instead of being to and fro 
in the hoiizontal diieetion Tins produces a partial suction 
The centnfugal Boeen, Pig 17a, the latest form oE 
apparatus foi sepaiatmg out the coaise pulp, is a lound 
vessel, contaming a cuoular scieen built up of perforated 



Pig 17b — Section of Centrifugal Screen for Wood Pulp 


plates, which rotates at a high late of speed, the hne pulp 
being forced through the slits by centiifugal force 

The capacity of a screen is usually expressed m terms of 
the weight of dry pulp obtained in a given period Such 
figures are not of much value without details as to the size 
and number of the perforations pei squaie foot of area, as 
the capacity is readily increased by the simple process of 
enlargmg the shts or holes. ' 
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Removal of Watei — When the pulp has been propeily 
scieened, it is tieated in a wet piess machine in oidei to 
lemove the laige quantity of watei with which it is 
mixed, and to pioduoe a pulp fit for shipment to the 
papei mill 

The dilute mixture is pumped contmuously into a laige 
vat in which lotates a hollow dium the suiface of which i& 
made of fine wire gauze The pulp adheres to the drum, 
while the water is foieed thiough the wiie cloth and flows 
away into a tiough fixed outside the vat The thin skm of 
pulp IS earned up above the suiface of the water in the vat 
and is picked off by a tiavelling felt passing ovei a i oiler 
which IS in contact with the dium The thin sheet passes 
between small lolleis, which squeeze out more water, and is 
then wound up m a continuous roll on a laige wooden dium 
until it forms a thick sheet This is removed at mteivals 
eithei by hand or automatically 

In the most approved form of wet piess machine the 
thick sheet is cut off at regular intervals by a knife which 
falls automatically The sheet of pulp is theiefore always 
of uniform thickness and weight, provided reasonable care 
has been exeicised m keepmg the ratio of water and pulp 
fairly constant Fiom the wet press machme the pulp is 
obtamed in the form of thick sheets containmg about 75 per 
cent of water 

The sheets of pulp are finally submitted to pressure in 
powerful hydiauho presses which remove a further quantity 
of water and give a product containmg 60 per cent of air- 
dry pulp and 60 per cent, of water These sheets are 
packed in bales of 4 owt and 2 cwt capacity, and then 
fastened up with stout iron wiie and wobden battens. 
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Bbown Wood Pulp 

In 1862 Lyman patented a pioeess for submitting wood 
to the action of watei at a high tempeiatuie, 160° C In 
1870 Meyh found that when wood pieviously digested in 
this way was mechanically tieated in the giindei it gave a 
tough long hhred stocli Since that date laige quantities 
of blown wood pulp have been pi od need foi the manufuctuie 
of box boaids The wood is either simply steamed, in 
which case a daik blown product is obtained, oi digested in 
water at high piessiiie when a lighter coloured papei is 
pioduced 

Sttavud Wood — Logs of wood 12 oi 16 feet long, oi cut 
up m 2 feet lengths leady for the giiudei, aie packed into 
tall cylindiical boileia and steamed foi twelve to thiity 
houis at a teinpeialuie van rug horn 120° to 160° C , the 
shoi tei pel lod 1 equii in g a higher pf essui e The water of con 
densation containing oi game acids and volatile compounds 
such as acetic and formic acids, ethereal oils, turpentine 
and resin is diawn ofif continuously, oi at intervals In 
modern practice such by-products are carefully preserved 
and refined, having considerable value 

Wood Digested in Watei — A finer material of supeiior 
colour is pioduced when the wood is digested for twenty four 
to thirty houis at a somewhat lower temperature in the 
presence of water, 60 lbs pressure being the general 
practice 

The boilers are usually cylindrical in shape, and of 
considerable length, erected m a horizontal or vertical 
position- Cast non is regarded as more suitable, being 
less liable to oxidation and corrosion from the organic 
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acids produced duimg the opeiation In Germany the 
pi notice obtains of lining the vessels with coppei, and in 
one or two special eases digestois made of coppei entiiely 
have been built The puce of a wrought non coppei lined 
digester 6 feet diametei and 17 reet \ong is about £192, while 
a digestoi constructed entiiely of copper of about the same 
capacity would cost £460 

Use of Bioan Pulp — "Wood boiled in tins way pieiious 
to grindmg gives a material suitable foi the manufacture 
of so called “ leathei board ” used foi box making It is 
exceedingly tough and flexible, can be bent to almost 
any shape without ciackmg oi splitting, and when made 
up into boxes IS capable of lesisling great pressuie It is 
also used for the manufacture of imitation kraft paper 
and for common papei pattern tissues 

The Estimation of Mechanical Wood Pulp in Papeks 

The determination of the exact peicentage of mechanical 
wood pulp m papers is obviously a matter of importance 
Consideiable attention has been given to this subject of 
recent years, and the various available methods may be 
briefly summaiised 

The use of the microscope as applied to the detection 
and estimation of diTeient hbies m a sheet of papei has 
long been known The first systematic apphcation of 
quantitative methods to the vegetable fibres and manu 
factured products is that of Yetillait, embodied in his 
treatrse “ fitudes sm lea fibies vegetales textiles ” 
Gottetein, m 1884, we beheve, fiist suggested the quanti 
liative mioioscopio method of countmg the number of 
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mechanical wood fibi os in a given field of a specimen caie 
fully mounted using as a test foi compaiison specially 
piepaied papeis containing Icnown percentages of mechani- 
cal pulp 

Microscopic Analysis — The papei is biolien up mto pulp 
by preliminaiy tieatment with a weak solution of caustic 
soda, which is then thoroughly lemoved by means of hot 
watei, and a numbei of slides aie mounted foi inspection, 
Herzbeig’s staining leagent being used to colour the mass 
of fibres Seveial slides aie so piepared and carefully 
oxaminod The examination is best eflected by bunging 
eveiy portion of the slide into the held of view of the 
inicioscope, a record being made for each field of view 
as to the appioximate piopoition in which the fibres are 
present This method is preferable to that frequently 
employed, of absolutely counting the fibres, but it demands 
a good deal of previous experience with pulp mixtures m 
which the piopoitions ate aheady known 

The usual staining reagents which may be used for 
differentiating fibies examined under the microscope are 
vaiious aniline dyes, iodine solutions and iodine combmed 
with dehydrating agents The most useful reagent for 
general work is Heizbeig’s iodine and zinc chloride solution 
The formulas for the piepaiation of these reagents aie as 
follows — 


Winkler — 
Potassium iodide 
Iodine 
Water 
Gl^oeime 


6 grammes 
1 gramme 
20 c c 
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Herzbeig — 

Gbloiida of zinc 20 grammes 

Potassium iodide 21 „ 

Iodine 0 1 gramme 

Water 6 grammes 

The colorations pioduoed by these reagents are shown in 
the appended table, but tbe eoloui reaction vanes with the 
puiity of the fibie, and the percentage of moisture present 
in the small quantity placed on the microscope glass 


Micro- O nuMioAi, Eeactions of Piubes 



Colomtlon ppo^u&ad 

Flbces 

Iodine solution 

Zinc olijoHde 
Iodine Rolutlon 

lIssiiAslum 
Lhloride, 
iodine solution 

Cotton, linen hemp 

Brown 

Wine-red 

Eeddish brown 

Esparto, striw, 

b^boo, celluloses 

Grey to ktot ' 

Blue to violet, 

Bluish violet 

jsh brown , 

or blue to 


Wood oelluloses 

1 

greyish vio 
let 


Colourless 

Blue to bluish 

Light brown 

Manila hemp 


violot 

to red 

Grey, brown, 
or yellowish 
brown 

Dark yellow 
or greenish 
yellow 

Yellow, w^en- 
ish yellow 



Mechanio il wood 



niiln, jute 
Unblenched Ma- 

Yellow 

Yellow 

Yellow 

nila, straw (par 
tinlly boiled) 

Yellow 

Yellow 

Yellow 


Coloiv) Methods of Analysis — ^Vanoiis simple colour 
reactions aie known, all of which afford a lOugh indication 
of the proportion of mechanical wood pulp m papeis In 
1882, Gaedicke proposed the manufacture of a senes of 
standard papers contaming varymg proportions of 
mechanical wood, the first paper in the senes to consist 
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of puie sulphite, and the last papei of the series containing 
96 01 100 per cent of mechanical wood pulp On each of 
the standand papers a solution of aniline sulphate of known 
strength produced a yellow coloration, the intensity of 
which was in direct proportion to the amount of mechanical 
wood pulp Equal coloration on the standaid, and an 
unknown paper could then be recorded as evidence of equal 
amounts of mechanical wood pulp, and this leaction would 
furmsh a means for measuiing the percentage of ground 
wood jiulp in the paper The foUowmg reagents can be 
employed for this purpose 

Aniline Sulphate —4 grammes of the salt dissolved in 
100 co of watei This reagent gives a yellow ooloia- 
tion when placed on paper contammg mechanical wood 
pulp 

Fhloroglucinol — 2 grammes of phloroglucinol are dissolved 
in 100 0 0 alcohol and 60 c o concentrated hydiochlorio 
aoid added The solution should be kept m the dark 
Gives a pink to crimson coloration more or less intense 
aocoidmg to the proportion of mechanical wood present 

Feme Femcyanide — Dissolve 1 6 grammes ferric chloride 
in 100 0 0 of water Dissolve 3 3 grammes potassium 
fernoyamde m 100 o o. of water Equal quantities of the 
solutions to be mixed and used only when required. Gives 
a Prussian blue colour with mechanical wood pulp 

Wurster^s Reagent — 2 grammes of dimethyl para- 
phenylenediamme dissolved in 100 c c of water Gives a 
deep red colour with mechanical wood pulp and other 
hgnified fibres 

Phenol — A dilute solution of phenol gives a gieemsh 
blue colour with mechanical wood pulp 
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Chemical Methods of Analysis — Eullei in 1887 suggested 
a method based on the soluhihty of cellulose in ammoniacal 
copper oxide The paper, having been suitably broken up 
into pulp, IS treated with the solution, and the cellulose 
dissolves faiily quickly, leaving the mechanical wood pulp 
as an insoluble residue to be filteied, washed, dried, and 
then weighed The cellulose estimations obtained by this 
piooesa aie not very satisfactory 

The leaction of the hgno celluloses with iodine has also 
been suggested as the basis of a method of quantitative 
analysis The paper reduced to the condition of pulp is 
allowed to remain m contact with a definite quantity of 
iodine dissolved in potassium iodide After standing tv\ enty- 
four houis the amount of iodine left m the solution is 
determined by titration with sodium thiosulphate, the 
amount of iodine absorbed being a measuie of the amount 
of mechanical pulp piesent 

Godeffioyand Coulonpioposed a method dependent upon 
the reaction between Iignified wood fibre and ohloiide of 
gold The paper is tom up into fine shieds, divided into 
two equal portions of convenient weight, and boiled foi 
about ten mmutes m a 10 pei cent solution of aqueous 
ammonia, then thoroughly washed and dned One portion 
IS burnt for the determination of ash The second poition 
IS extracted with a hot alcoholic solution of tartaric acid, 
dried, and then successively extracted with alcohol and 
ether The residue left is then boiled foi about fifteen 
minutes with a dilute solution of gold chlonde, the latter 
filtei ed and removed by washmg The diied fibre containing 
the adherent reduced gold is then burnt and the weight of 
ash and gold ascertamed The difference between the ash 
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previously weighed and the weight of ash and gold 
together, measures the quantity of gold reduced to a 
metalhc state, and the lattei is an mdioation of the 
proportion of hgnifled fibre in the sample of paper 
Numerous experiments conducted by Godeffroy and Coulon 
show that under these conditions 100 parts of mechanical 
wood pulp per ae will reduce 21 2 parts of gold 

Benedikt proposed a method based upon the reaction 
between hgmfied fibre and hydriodic acid, the products of 
decomposition bemg added to silver nitiate, with the 
piecipitation of silver iodide The weight of dry silver 
iodide IS taken as a measure of the mechanical wood pulp 
present 

The action of chlorme gas on ligno cellulose is also 
suggested as the basis of a quantitative method of analysis 
for mechanical wood pulp The paper is boiled m a weak 
solution of carbonate of soda, washed thoroughly with weak 
acetic acid, and then with hot water until quite neutral 
The paper is pressed and exposed in a damp condition to 
the action of pure washed chlonne gas After complete 
ohlormation the excess of chlorine gas is blown out of the 
vessel, and a known volume of water added to the bleached 
pulp The quantity of hydrochloiic acid in the aqueous 
solution IS determined by titration with standard soda 
solution 

The acid equivalent to one grkmme of vaiious pulps is as 
follows — 

Mechanical wood pulp 4 4 c e normal alkah 

Aspen mechanical pulp 8 6 c.c. „ „ 

Unbleached sulphite 0 46 c o „ „ 

Bleached sulphite 0 08 o c „ „ 
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The most recent method devised, by Cross and Bevan 
IS based upon the well-known phloiogluemol reaction A 
weighed quantity of the paper previously broken into pulp 
IS placed in a solution of standard phloroglucmol,the strength 
of which has been previously found The quantity of 
phloroglucmol m solution before and aftei immersion of the 
fibre is determined by titration with formaldehyde It has 
been shown that all hgnified fibies possess what may he called 
a constant “ phloroglucmol absoiption value ” 

The details of the process are as follows — 

Two giammes of the mateiial are dried at 100° C 
and then weighed The weighed amount is transferred to 
a diy flask, coveied with 40 cc of phloroglucmol solution 
(made by dissolving 2 6 giammes of puie phloiogluemol m 
600 cc of hydiochloiic acid of 106 sp gr), shaken and 
allowed to stand for some horns, prefeiably all night The 
liquid IS then filtered through cotton-wool placed in the 
neck of a funnel The filtrate is next titrated, 10 c c bemg 
mixed with 20 c c of hydrochloric acid of 1 06 sp gr and 
heated to 70° 0 Standard formaldehyde solution (made 
by dissolvmg 1 cc of 40 per cent formaldehyde m 
600 c c of hydrochloric acid of 1 06 sp gr ) is now added, 
1 c c at a time, two minutes bemg allowed to elapse between 
each addition 

As indicator of the presence of phloiogluemol, a piece of 
cheap newspaper is used, A red stam is produced m the 
presence of free phloroglucmol when a drop of the liquid 
IS allowed to fall on the paper 

Towards the end of the titration the stam gradually 
takes longer and longer to appear on the paper, and finally 
it IB necessary to carefully dry the paper before a Bunsen 
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flame The end of the filtiation is indicated when the 
stain IS no longei peieeptible 

10 0 c of the oiiginal phloroglucinol solution aie then 
titrated under exactly the same conditions, the amount ah 
sorbed by the ligno cellulose bemg obtained by the difference 
between the two figures This phloroglucinol absorption 
value IB expiessed as a percentage on the diy weight of the 
ligno cellulose 

The following values have been obtained Wood flour, 
7 9 , mechanical wood, b 71 , jute (best quality), 8 98 , jute 
(average quality), 4*26 , sulphite wood pulp, 0 76 , and 
cotton, 0 2 per cent of phloroglucinol 

For the calculation of the mechanical wood m paper the 
following formula is used, 8 0 bemg the absorption value 
foi mechanical wood, and 1 0 that of sulphite pulp, p the 
absoiption value of the dry ash free sample, and H the 
percentage of mechamcal wood m the paper 

„ _ 100(p- 10) 

80-10 

Somces of error, and the conditions necessary for the 
most constant and accurate results are — 

1 The punty of the phloroglucinol used The standard 
solution 18 made from a weighed amount of this substance 
It IS therefoie necessary to ensure its punty 

2 The absoi ption value is influenced by the concentration 
of the phloroglucinol solution The quantities to be used aie 
2 giammes of paper and 40 o o of phlorogluemol solution 

8 Generally, it is unnecessary to remove sizing material 
from the paper before the deteimmatron In the case, 
however, of large quantities being present, its extraction 



MEOHANICAIi WOOD PTILP 119 


(by warming with a mixtuie of alcohol and ether) is to be 
recommended, the reaction taking place more rapidly 


BXA.MPLES 


Newspaper 

^«ll 

Per cent. 

Sizing 

Per cent 

Phloroglucinol 
alMorption 
Per oent^ 

Kechanical 

wood 

Per cent 

Ixmea 

84 

■B 

2 14 

163 

Daily Telegiaph 

24 


2 40 

20 0 

'I'nbune 

10 2 


6 23 

60 4 

Daily Qranhic 

15 1 


5 0 

67 1 

\d paper (white) 

I 5 


6 62 

80 3 

paper (pmk) 

20 

Wm 

6 32 

76 0 












CHAPTER V 

OHBMIOAL WOOD PULP 

The term “ chemioal,” m contradistinction to the term 
“ meehamcal,” la applied to wood pulp prepared by a 
chemical process in which the isolation of the fibie is 
effected by tieatment of the wood with suitable solutions 
The resultant product is a more or less pure form of cellu- 
lose, diffeimg very mateiially fiom the fibre of the 
mechanical process In the latter case the pulp consists of 
the raw wood in which the consfatuents are unchanged 
except m form and shape, whereas the chemical pulp 
IS entirely different m oompoainon from the original 
material This is shown in an analysis given by Griffin 
and Little — 



Spruce wood 

Spruco oelluIOK, 

Moisture 

11 6 

67 

Ash 

03 

06 

Cellulose 

03 0 

80 7 

lognin, ete 

33 2 

31 


100 0 

lOQO 


The methods employed for the preparation of cellulose 
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fiom wood are of two kinds, namely, the acid, of which the 
80 called sulphite process is typical, and the cdkcUtne, 
exemplified by the well-known soda process 

Pi epai atton oj Wood — ^Whichever system is used the 
preliminary operations foi pieparingthe wood axe the same 
The logs are out mto lengths of two feet, the bark com- 
pletely removed by the methods desciibed in the chapter on 
Mechanical Wood Pulp, and subsequently out up mto small 
chips by special machmeiy 

For the best qualities of pulp the knots in the wood 
are cut out, or as an alternative the chips of wood are 
carried by means of a travellmg band into a soitmg loom 
and all the knots and faulty pieces of wood removed by 
hand 

Sidphtte Process — In general terms this consists in sub 
mittmg the wood to the action of sulphurous acid and its acid 
salts in closed vessels at high pressure for defimte periods 
of time The quality of the product can be vaned to almost 
any extent by the conditions of treatment, that is by varying 
the strength of hquor, the steam piessure, and the penod 
of time occupied m digestion This may be shown by a 
study of the several quahties of sulphite pulp available for 
paper -makmg 

Quick Cook Process — This term is apphed to pulp 
prepared by digestmg the wood at a high pressure of 80 — 
100 lbs per square moh for a penod of eight to nme 
hours If the operation is earned out to an extreme Imiit, 
using the strong liquor, a soft pulp is Obtamed of good 
colour which bleaches very rapidly with a small proportion 
of bleaching powdei If on the other hand the treatment is 
oaiTied out with a mmimum quantity of hquor just sufficient 
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to produce complete dismtegiation of the wood, then the 
pulp obtained is of a reddish colour, not easily bleached, 
but which IS characterised bygieat strength and toughness 
The latter kind of pulp is eminently suited foi the manu- 
facture of news and wrapping papers, in which stiength 
18 of pnmaiy importance, whereas the foimei quality of 
pulp pioduced by excessive boiling is moie suitable foi 
book papers and wiitings m which colour is of gieatei 
importance 

Sloio Gooh Process — This method differs radically from 
the quick process, in that the piessuie is seldom allowed to 
exceed 15 lbs , while the time of boilmg occupies thuty to 
forty eight hours Moreover, the heat is applied by means 
of steam passed through lead coils so that the condensed 
steam produced does not accumulate in the digester itself 
The pulp obtained in this case is of excellent quality and of 
great strength, being particularly adapted foi the produc 
tion of papers such as imitation pai chments It is frequently 
described as “ Mitscherhoh ” pulp fiom the name of the 
inventoi of the process 

Sidphite Liquor — The chemical solvent used m the 
bi-sulphite piocess is a solution of bi sulphite of lime con- 
taining a oertam proportion of free sulphurous acid It ;s 
prepared by burning snlphur oi pyntes iich m sulphur, m 
suitable ovens, and passing the sulphurous acid gas obtained 
through tanks containing milk of hme, or through towers 
contammg blocks of limestone moistened with water 
Many different systems are in use for bummg the sulphur 
under regulated conditions, and for producing a hquid 
contammg defimte proportions of hme or magnesia 
sulphites and free sulphurous acids The proportions 
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vary in different mills, the following being typical of 
many — 

Piee sulphurous acid 2 08 per cent 

Combined sulphuious acid 1 01 „ 

Lime 0 83 „ 

The quantity of sulphur reqmred per ton of finished pulp 
vanes from 260 lbs to 400 lbs Consideiable attention is 
now given to methods by means of which the sulphuious 
acid gas which comes away from the digesters durmg the 
operation is utilised, thereby reduemg the amount of 
sulphur actually required pei ton 

Waste Salplute Ltquois — The waste liquors dischaiged 
from the boileis when the wood has been boiled aie at 
present thiown away Many attempts have been made to 
recover the by-products, but no system has yet been intro- 
duced foi the recovery of the sulphur on a large commercial 
scale likely to be remunerative, or for the manufacture of 
by-products havmg any practical value 
The problem has long been a senous one, for in 1894 a 
pnze of 10,000 marks was offered in Germany for a prac- 
ticable method of preventing the pollution of streams by 
the waste liquor of sulphite mills, but no serviceable process 
has been devised The volume of liquor is so large, that 
the difficulties are greatly moreased One ton of air-dry 
pulp gives about 2,500 gallons of acid liquoi which diluted 
with a sufficient quantity of wash waters required for 
cleamng the pulp blown from the digesters is increased to 
about 10,000 to 12,000 gallons 
Hoffmann* gives the analyses of several waste hquois as 
follows — 

* Hoffmann, 0 , !Practisohes Handhuch. der Papier Fabrikation, 1897 



124 


WOOD PULP AND ITS USES 


Anaitses of Sin-PHiTE PoLP Waste Liotjoe, 


1 

Gmmmott pov litre. 


1 

2 

fl 

4 

5 

Total solids 

82 0 

88 0 

86 0 

93 0 

92 0 

Lobs on ignition 

68 0 

76 0 

69 0 

810 

— 

Ash 

14 0 

13 0 

16 0 

12 0 

— 

Total BiilphuT 

— 

— 


— 

92 

Pree sulphur dioxide 
(SO,) 

26 

22 

2-9 

26 

88 

Sulphite ladiole (SO,) 

73 

79 

67 

1-2 

38 

Sulphate radicle (SO,) 

41 

64 

48 

27 

19 

Oxygeu consumed 

62-0 

62 0 

60 0 

60 0 

— 


The oharacteiistio constitnent of these liquors is^ the 
hgnone-sulphomo acid (calcium salt) resulting from the 
specific rateraction of the bi-sulphites ■with the aldehydic or 
quinomo complex of the 'wood oi ligno-cellulose 
The free hgnone sulphonio acid gives a oharactenstio 
reaction "with gelatm, pieeipitatmg a colloidal visoous 
mass, which may he le dissolved in weak alkaline liquids, 
and when so le-dissolved has been employed m engme* 
sizing papers The reaction with gelatm suggests its 
em{)loyment as a “ tanmng ” agent m the manufacture of 

1 Lmdaay and Tollen^, Annalen, 267 — 341 , H. Seidel, ZfiUcJir 
Angew Chem,, 1900, Sunngar Biss Gothngen, 1892, Kleuon, 
Chem Ztg , 1897, 281 , Seidel und Handk. Mitt* Teehs Gew Mus. 
1897—8 
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leathers , and a oeitam amount of the liquor is being utilised 
in this mdustry 

In addition to the chaiaotenstio lignone sulphonic acid, 
and excess of sulphuious acid, free and combined, the 
liquors contam a certain piopoition of caibohydiates , 
and hence aftei treatment of the liquois to bung about 
the necessaiy conditions, a process of fermentation is 
mduced by the inti eduction of yeast, fiom which alcohol 
results 

The subject of the composition and utihsakon of sulphite 
liquors has, in fact, been extensively studied, and the 
following biief account of the processes patented duiingthe 
last thirty years may be added Cioss and Bevan observed 
the reaction of the lignone sulphonates and patented the 
production of the insoluble colloidal compound and its use 
in the engme sizing of papers [E P 1548, 1883 ] 

Mitsoherlich revived the method of mixing gelatine or 
some cheaper form of animal size with the spent lye, in 
ordei to obtam a tEinnin size suitable for sizmg paper in 
the beating engme By using ordmary rosin size m con- 
junction with the new product he claimed a reduction in the 
cost [D E P 93,944—6 ] 

Ekman obtamed a substance which he called “ Dextron ” 
by ooncentratmg the liquors to 84° B6 and addmg magne- 
sium sulphate The product was applied to the dressing of 
textile fabrics to render them partially watei proof and to 
secure them from mildew [D R P 81,643 ] 

Dr Erank proposed the addition of milk of hme to the 
waste hquor so as to separate the sulphites as calcium 
sulphite, the remammg hqoid to be discharged as com- 
paratively harmless. 
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The piesenoe of the large piopoitiou of organic matter m 
the hquoi has suggested the basis of a scheme foi the 
manufacture of compressed fuel Attempts have been 
made to coneentiate the waste liquois to a syrupy con- 
sistency and to employ this paste in conjunction with 
sawdust, coal dust or ehaicoal foi the production of 
briquettes 

Dorenfeldt patented a modification of the ordinaiy calcium 
bi-aulphita process which appealed to make the subsequent 
treatment of the spent digestoi lyes a more profitable 
undertaking Sulphate of soda was added to the usual 
bi-sulphite of lime liquor, wheieby a precipitate of sulphate 
of lime was obtained, and a solution of bi-sulphite of soda 
The sulphate of lime was filtered off and sold as “ pearl 
hardening ” for the loading of paper, and the bisulphite of 
soda used for digesting wood The soda was recovered by 
concentration and incineration and afterwards converted 
mto caustic soda by the ordinary methods 

Drewson proposed to heat the stronger waste hquors 
with lime under pressure, the resultant product calcium 
mono-sulphite bemg subsequently convex ted mto the soluble 
bi-sulphite with sulphurous acid gas The cost of the 
process and the impunty of the regenerated liquoi are 
conditions which have prevented the development of a 
likely scheme for recovery [D E P 67,889 ] 

Destructive distillation has been experimentally tried, 
but the yield of useful products is much too low The 
formation of oxahc acid by fusion of the concentrated liquor 
with alkali has also been proved, but the quantity obtamed 
was too small to render any operations on a large scal^ 
commeicially possible 
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“ Lignoiosin,” a substance obtained by converting the 
lignone-sulphonic acid into a soda salt, has been success- 
fully applied in mordanting woollen goods Its use in this 
diiection is naturally very limited, and offers no induce- 
ment to manufa'‘tuie on a laige scale 

The utilisation of the lignone-sulphonates by treatment 
with nitiic acid for the manufacture of colouiing matteis is 
suggested by the reactions of the lignoue constituents of 
wood witli nitric oxides The treatment of these substances 
with mine acid gives a senes of oiange and yellow dyes 
which produce bright shades on wool and silk Fusion of 
“lignone” with sodium sulphide and crude sulphur gives 
a sulpbui dye that colours cotton dark gieen, changing to 
black in a chrome bath ^ 

The manufacture of a tanning substitute involves a 
certain punfication of the waste sulphite liquor to elimmate 
the excess of mineral sulphites, and a certain pioportion of 
soluble iron compounds, which produce discoloration when 
used in association with ordinary tanning Considerable 
activity 18 bemg shown m this direction, with some prospect 
of success 

Eobeson has patented a process for tanning skins and 
hides m which a liquor oontaming a compound of sesqui- 
oxide of aluminium or some other base with the practically 
unchanged organic matter of waste sulphite liquors is 
employed The lye is treated with the sesqui oxide m 
conjunction with an acid capable of precipitatmg mmeral 
matter from the hquor 

As 25 per cent of the solid residue m sulphite liquors 

‘ PoUutioii of Streams by Solpbite Pulp Waste SI B Phelps, 
TJ,S A, Geological Survey Dept. 
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can be removed from solution by the hide powder test, the 
process seems piomismg 

A writer in the Wochenhlatt has suggested the mcorpora- 
tion of the lyee with soap, claiming that the resinous and 
glucose substances piesent togethei with the mineial salt, 
would pioduce a new soap of good lathermg and cleansing 
propel ties 

Knosel suggests a piocess for mixmg the sulphite lye 
after suitable concentration with an equal weight of phos- 
phate of lime, theieby obtaining a solid and soluble 
compound to be used as a feitiliser, the manurial qualities 
of the phosphate of lime bemg increased 80 per cent 
Elb adds formaldehyde to the sulphite liquors during 
concentration and obtains an adhesive substance, clear and 
transparent, soluble in water The formaldehyde is said 
to prevent the separation of salts during evaporation 

Alcohol fi om Waste Lye — The most lecent and mteresting 
attempt to deal with the waste sulphite liquors is seen in 
the experiments now being earned out on a laige scale 
m Sweden for the production of alcohol The piocess is 
bemg worked on a faiily large scale under Ekstrom’a 
patents at Skutskar in Sweden, the average yield of alcohol 
bemg 60 htres pei ton of cellulose, no less than 64,000 
lities havmg been produced durmg 1909 
In 1819, Braoonnet observed that, by the action of 
sulphuric acid on wood, grape sugar was formed, which 
could be fermentod to yield alcohol 
In 1898, Simpnsen obtamed bO litres of spirit from one 
ton of wood by this acid process 
In Ameiioa, Ewen uid Tomlinson, aotmg on the 
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BUggestion of Olftssen, obtained 78 lities of spint by the 
action of Bulphuious acid on wood 
In 1891, Lindsay and Tollens found 1 2 pei cent of fer- 
mentable caibohydiates m the dry Bolida of waste sulphite 
hquoi, and obtained about 60 litres pei ton of cellulose 
Two processes have now been patented in which the lyes 
aie Hist neutiahsed by caibonate of lime In Wallin’s 
method oidinaiy lime is used for neutralising the liquor, 
and in Ekstiom’s system the waste lime sludge of the 
sulphate cellulose mills is employed Schwalbe states that 
the neutralisation sludge obtained, after the process, con- 
tains sufficient calcium sulphite to effect a saving of 40 pei 
cent of the sulphur lequiied for boiling wood 
The volume of liquor to be treated amounts to 10,000 
hties for every 100 tons of cellulose and the diy piecipitate 
obtained on neutralising amounts to lo tons The liquid, 
after being neutralised, is cooled, aerated, then fermented 
foi 72 hours at a temperature of 76° C , by means of yeast, 
and afterwards distilled The alcohol obtained contains 
considerable proportions of methyl alcohol, aldehydes, 
fuifural and acetone It may be noted that this process, 
while mtei eating as showing the possibility of obtainmg 
useful pioducts from the waste liquor, does not deal with 
the serious problem of the pievention of pollution of sti earns 
by the dischaige of the waste liquoi 

The duect recovery of the original sulphur has not yet 
been evolved as a satisfactory process Evaporation and 
combustion of the concentrated lye means a large loss of 
sulphur, and a method for the regeneration of the latter 
from orgamc sulphur compounds has yet to be discovered 
Obviously this is the collect solution of a difficult pioblem, 
WP, K 
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as it might avoid the formation of a laige quantity of 
by-products which find no useful application m paper- 
making or any ludustiial operations 

Washing and Finishing — The pulp dischaiged fiom the 
digestoi IS thoroughly washed with water foi the lemoval 
of the spent hquoi, and then subjected to a caieful scieening 
m order to remove incompletely digested pieces of wood 
and any dirt which may be piesent 

This IS effected by screens of vaiious kmds, all based 
upon the same pimciple, though differmg m constiuction 
The apparatus moat frequently employed is the ffat screen, 
consisting of a heavy cast iron shallow tiay fitted with hiasa 
plates which contain fine slits The tiay is kept in a state of 
violent agitation, so that the mixture of pulp and water 
flowing mto the tray is also contmuously shaken By this 
means the pulp is easily screened, the pure matenal findmg 
its way through the shts, while the coarse lesser-cooked 
matenal remains on the surface of the screen 
The pulp is then sorted up into vanous qualities, the 
coarse residue being sold at a low price as “ screemngs " 
The fibre passing through the screens, being mixed with 
a very large volume of water, is then subjected to a process 
whereby the water is removed, and the pulp obtained in the 
form of moist sheets, contammg about 60 per cent of 
moisture 

Sulphite pulp IS usually prepared for export in the form 
of dry sheets, and these are produced by tieatmg the pulp 
m a somewhat different manner The wet mixture is con. 
verted mto dry sheets by means of a machine ’which dosely 
resembles an orfimaiy paper-making machme — that is, the 
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mixture of pulp and water is passed ovei a horizontal tiavel- 
ling wire and the thin sheet of pulp so obtained drawn 
thiough heavy 1 oilers, which squeeze out a large propoition, 
of the excess water, and finally ovei drying oylindeis heated 
internally by steam 

Soda P10CC88 — The alkaline treatment of wood for the 
manufactuie of soda wood pulp is similar to that used for 
the manufacture of esparto pulp The wood, in the foim 
of small chips, is heated in large digesters with a solution 
of caustic soda The non-fibrous constituents of the wood 
are completely dissolved, and a brown-coloured pulp is 
obtained The spent hqnois are preseived and the soda 
recoveied, to be used ovei again as required 

The soda process is one capable of geneial applica- 
tion, being utilised for woods and fibres which cannot easily 
be treated by the sulphite process, which latter is usually 
confined to the treatment of the conifeious woods In the 
early days of the manufacture of wood pulp, when spruce 
was available in large quantities, wood pulp was almost 
exclusively prepared from spruce by the sulphite pi ocess 
The present scarcity of spruce and the high price now 
ruling have compelled manufacturers to give their attention 
to othei cliisses of wood, and the Ameiican G-ovemment, foi 
example, are makmg mvestigations as to the use of woods 
which have hitherto been regaided as unsmtable Such 
mvestigations will, no doubt, lead not only to the mtroduc- 
tion of woods other than spruce, pme, and poplar, but also 
to modifications m the various methods of treatment 

All kinds of wood and other fibious material may be 
conveited mto pulp by this piocess Caustic soda combines 
wilh the acid products derived from the non fibious 
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constituents of the wood until the alkali is ueutialised, so 
that the insoluble poitiou of the wood left is cellulose in a 
moie or less puie condition, containing much less resin 
than the pulp obtained by the sulphite piocess 

The piactical opeiations are simple enough The wood 
IS hoiked in the usual manner and cut up into small pieces 
by the same machinery as that employed foi the sulphite 
piocess The wood is digested foi sa to eight hours in a 
solution of caustic soda having a stiength of about 20° Tw , 
at a piesBure of 100 — 150 lbs per squaie moh The con- 
ditions of treatment are varied according to the nature of 
the wood and the requirements of the paper manufacturer 
For pulp that will bleach readily the process of digestion is 
earned out to a greatei extent than for pulp which is required 
m the manufacture of wrappmg papeis The yield of pulp 
and the quality are influenced by these conditions 
Some mterestmg experiments were made by Beveridge 
showmg the precise mfluence of varying factors He made 
three sets of trials as follows — 



Oonfltant courlltlou 

Variable. 

1 

Time and eti'ength of oaustio 

PreBsure varied 

2 

Pressure and time 

Strength of oaustio varied. 

3 

Pressure and strength of 

Time varied 


oaustio 



The lesults weie •»— 

(1) The inoiease of pressure resulted m a dimmution of 
yield, the quantity of pulp obtained bemg reduced 
considerably 
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(2) The excess of caustic soda caused rapid diminution 

m the yield of cellulose 

(3) The gradual exhaustion of the caustic soda by a pro- 

longed digestion prevented such senous diminution 
of yield 

Fiom a practical standpoint the chief consideration is 
the nature of the wood, and De Cew gives the following 
results as showing the usual conditions of tieatment — 


TVood 

^\ol^]itof 
rijo < « nl 

1 cul ft. 
Llw 

OiiiRtlc Rcxla 

UHOl) t)ul 

ooni 

Wufkhbofair 
fin inilp 
fiDin oitn 
coni 
j i« 

Yield an-<lry 
imlp 

For cu»b. 

1 Yellow Birdh 

itKlO 


1010 

44 4 

2 Soft Maple 

3520 


ISfiO 

44 1 

3 White Biroh 

1100 

603 

UDO 

46 7 

4 Poplai 


603 

IloO 

49 0 

fi Bass wood 

232o 

603 

1135 

49 0 

6 Black Spruce 

22o() 

678 

1000 

44 5 

7 Hemlock 

2300 

716 

970 

42 2 


The vai ration m the quality of the pulp produced by the 
soda piocess is a striking tllustiation of the necessity for 
an exhaustive study of the whole piocess of chemical wood 
pulp manufacture The most inteiesting developments aie 
seen in the suggestion that the highest yield of pulp consis- 
tent with the complete removal of the non cellulose portion 
of thq wood iS best obtained by modifications in the process, 
which reduce the action of the caustic soda on the cellulose 
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to a mmimum. Suggestions have been made in this diiec- 
tion not only with the soda process, but with all chemical 
methods by the idea of using wood in a perfectly diy 
condition, by having a vacuum inside the digestoi, so 
that the air is largely removed fiom the poies of the 
wood, enablmg the liquor to penetrate quickly, by the 
use of superheated steam for the boihng operation , and 
80 on 

All these improvements are in the light direction, because 
the wood IS not subjected to a more severe treatment, but 
IS meiely placed under more favouiable conditions for the 
action of the oaustio soda The result of these various 
improvements is seen in the fact that many hard woods 
can be reduced to the conditions of an easy bleaching 
pulp in three and a half to four hours Another instance 
of the value of modified conditions is to be seen in kiaft 
papers 

Ki aft Papei — The term “ kraft,” meanmg strength, has 
been applied to certain stiong wrapping papers made by 
submitting wood to a modified soda piocess The paper is 
remarkably tough, possesses a high tensUe strength, and is 
a stiikmg testimony to the possibilities of wood pulp as a 
material for making a great variety of papers It is said 
that the process was discovered accidentally by a pulp 
manufacturer who, rather then, waste some soda pulp which 
had not been sufifioiently digested, placed the half boiled 
wood in an Edge lunner oi Kollergang, and reduced it to 
pulp by the simple process of friction The paper finally 
obtained proved to be so firm and strong that the success 
of the new discovery ” was assured 

The process, as usually carried out, mvolves the digestion 
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of the wood m a soda oi sulphate liquor containing about 
80 per cent of the black lye from some previous cook 
The wood is not completely boiled, but digested to a 
point at which the fibres can be dismtegiated by simple 
fiiction The undissolved ligno cellulose acts as a useful 
cementing mateiial, and the papei is bulky, light and 
stiong 

The success of the so-called “kiatt” papers made fiom 
soda pulp has lad to the production of imitations, raanufac- 
tnied chiefly fiom sulphite pulps The tiue kiaft papers 
may be distinguished from the imitations by vaiious 
differences m appearance and behavioui The sulphite 
papers have a smooth, shiny suiface when viewed in 
reflected light and held up on a level witli the eyes, but this 
is only appreciated by a practised observer The soda 
papers are toughei and capable of resisting a greater 
amount of fiiction, as may be proved by the well-known 
crumpling test They can be twisted repeatedly without 
producmg fracture, and this is a desirable feature in papers 
used for the manufacture of bags The behaviour on tear- 
ing IS generally different m the two papers, the soda being 
more resistant 

The sulphite papers have a lowei tensile strain, as a 
rule, than soda papers of equal weight, and also a lower 
percentage stretch or elongation under tension 

These diffoiences in physical qualities may be used as a 
means of disorimmatmg between real and imitation kraft 
papers 

It may further be noted that the natural self colour of 
soda kraft papers is artificially imitated m the sulphite 
krafts by the use of yellow amlme dyes, which can be 
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leadily extracted by means of hot water, weak solutions of 
alkali, or rectified alcohol The papei after treatment is 
quite another coloni, and this in itself is evidence of a 
useful chaiactei 

If small pieces of the paper are pulped and boiled in a 
solution of malachite green, the soda papei is dyed to a 
much darker coloui than the sulphite 

When the pulp is exammed under the micioscope, the 
pitted cells m the fibres of the soda pulp contam a little 
nucleus of green colour, which is easily detected This 
test 18 not of much value, since many of the fibres even of 
the soda jpulp do not show any strongly marked pitted 
vessels 

Soda Bccovm-y — In the treatment of wood and other 
fibies by the soda piocess, at least 60 pei cent of the 
weight of raw mateiial is dissolved, the yield of paper 
pulp being about 46 — 60 per cent The soluble soda 
compounds formed duiing the opeiaiion are rich m oiganic 
matter, and advantage is taken of this fact to recover the 
soda used The black liquors discharged from the digester 
ore stoied m tanka, together with much of the water used 
foi washmg the boiled pulp, and then concentiated by some 
system of evaporation When the hquois are sufficiently 
concentiated, a thick pasty mass is obtamed containmg a 
large proportion of organic lesmous matter, and this on 
bemg submitted to the action of a furnace catches fire and 
bums The substance is thereby converted mto a dry 
burning mass, and after the comhustion is completed the 
resultant material consists mainly of impute carbonate 
of soda 

The whole process is pne that calls for considerable skill 
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and attention, particulaily m the methods em2iloyed for 
utilising all the available heat The cost of evaiioi ation of 
the liquois and subsequent combustion of the black liquoi 
18 reduced to a minimum by a carefully legulated system of 
■washing in oider to prevent the accumulation of a laige 
volume of weak washing wateis, and by the utilisation of 
the waste heat obtained by the combustion of the organic 
soda compounds in the concentiated liquoi 

The following description of a modern recovery plant will 
affoid some idea of the piocess 
"When the digestion of the wood oi fibie is complete, the 
hot black lye is dischaiged fiom the digestois into storage 
tanks, which are usually fixed above the combustion 
ohambeis so as to maintain the temperature and prevent 
loss of heat The fibrous material in the digestoi is then 
washed with hot weak washings horn some previous 
boiling, and lastly with hot clean water The final 
washings only contain a small percentage of soda, and 
these aie utilised as far as possible for a pieliminaiy 
treatment of fibre from which the strong black lye has 
]ust been removed The systems of washing vaiy in 
different mills, but the mam object is the same m all 
cases, VIZ , a maximum recovery of the soluble soda com- 
pounds with a minimum volume of water 

The evaporation of the black lye is effected by the use of 
a Poiion furnace or a multiple-effect evaporator 

The Pojion iiiupoiatoi consists of a number of shallow 
pans bmlt of buck, ananged m the form of an enclosed 
chamber, on the top of which are placed the tanks contain- 
ing the liquor to be treated A furnace at one end supplies 
heat, -which sets fire to the concentrated liquor m the 
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adjacent pan, and the heat derived fiom the combustion of 
the thick lye is utilised in fmther evapoiation of the liquor 
in the othei pans and chambeia The Poiion is m effect an 
evapoiatoi and incmeratoi 

The Multiple effect Eiapoiatoi is based upon the 
systematic utilisation of heat and leduction of pressuie in 
the containing vessels, in senes, so as to produce maximum 
vapoiisation effect pei thermal unit The spent liquors aie 
pumped through a series of tubes contained m several 
oylindiical vessels, the tubes of the fiist vessel being treated 
exteinallv by steam at a pleasure of 16 — 20 lbs The 
hquoi passing thiough the tube is raised to boiling point, 
and on bemg dischaigedinto a sepaiatmg chamber gives up 
the steam produced The steam so liberated then becomes 
the heating agent for the senes of tubes in the second 
cylindrical vessel, and the partly concentrated hquid follmg 
to the bottom of the separating chamber is drawn by a 
vacuum thiough the tubes of the second vessel, which are 
therefore under reduced pressure The process is repeated 
through three or four systems of tubes, m each ease the 
steam liberated in the separatmg chamber bemg used to 
pioduce a further concentration of the hquoi 

An apparatus of this kind will reduce 2,000 gallons of 
liquor pel hour, havmg a specifio gravity of 1 050 to 400 
gallons with specitic gravity 1 260, evaporating off 1,600 
gallons of water pei houi 

The coneentiated hquor leavmg the evaporator is dis- 
charged mto storage tanks and then allowed to flow contmu- 
ously mto a lotary furnace The thick lye catches fire, 
bums with a steady flame, and is discharged as a black 
mass still brnmiug, which is wheeled away, and allowed to 
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cbai until the black caibonaceous mattei has completely 
burnt oflf 

Sulphate process — Fust mtroduced by Dahl in 1883, for 
the treatment of straw, but now consideiably applied to 
oonifeiouB woods which do not soften undei the soda treat- 
ment as the fohage of dicotyledenous woods. 

Sulphate of soda from which the process derives its name 
IS of course mert, t e without action upon the wood sub- 
stance and IS added as a source of alkah, and to make good 
the meohamcal losses m the process of recovery of the 
soda 

This loss IS approximately 10 per cent From an 
analysis of sulphate liquoi (see later) it is seen that there 
IS a large proportion of sodium sulphide , this is not added 
as such, but is formed by the reduction of the sulphate 
to sulphide m the process of lecovery when the residue is 
igmted, this reduction being effected by the soluble organic 
matter in combination with soda 

The sulphide has a hydrolysing action, similar m 
character to caustic soda, but has another function in 
that it has the effect of aiding the sphttmg of the lignone 
complex from the cellulose pioper This dissociating 
ohaiacteiistio is clearly seen when wood is treated with 
a mi xture of sodium sulphide and hydrate, as against 
caustic alone of the same soda content 

The general manufacture of sulphate pulp is lestiicted, 
for though the process yields an excellent pulp, yet the evil 
smelling compounds formed by the interaction of the 
sodium sulphide with the organic matter, limits its pro- 
duction to sparsely populated districts, as m Germany and 
Austria 
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Al?AIit9ia OB' SuLPHATBS LiQUOR 

Sodmm sulphate 87 per cent 

Caustic soda 24 pei cent 

Sodium sulphide 28 per cent 

Sodium carbonate 8 to 10 pei cent. 

Sodmm acetate 2 to 3 pei cent, 

Soda and Sulphite Pulps — Although at one time the 
■woods employed for the production of sulphite pulps ■were 
almost exclusively pine and spiuce, and the soda piocess 
was applied chiefly to poplai and dicotyledonous woods, the 
two processes aie now used almost indisciiminately for any 
wood capable of yielding a paper making fibie 
It is exceedingly difficult to differentiate the piocesses by 
an examination of the chemical oi microscopical character- 
istics of the fibres oi the pulp, especially when the pulps 
have been bleached There are certain broad distinctions 
between puie unbleached soda and unbleached sulphite 
pulps which can be leadily noted, but these aie not easily 
detected in papeis containing a mixture of the two 
It 18 impossible to state with any oertamty that a 
bleached soda paper does not contam sulphite pulp, 
though any marked damnation from qualities expected m 
a soda papei would indicate the presence of sulphite pulp 
If the soda pulp has been made fiom poplar wood, it is 
easily detected, and the admixture of any spruce may be 
approximately determined, but if the soda pulp has been 
made from spruce, no satisfactoiy analysis is possible 
The diffeiences between soda and sulphite pulps, even 
when prepaied from the same type of wood, may be found 
in the physical qualities, smce the soda pulp is of a light 
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blown colour, soft and bulky, and veiy tenacious, while 
the sulphite pulp is reddish white, haish, stiong and 
less bulky The presence of a much laiger percentage 
of natural wood lesin m sulphite pulp, namely, 0 6 per 
cent , as against 0 05 per cent m soda pulp, can be used 
as the basis of a test, but it is of no value for sized 
papers 

A small quantity of the pulp is heated continuously 
with carbon tetrachloride The solution placed m a fresh 
teat tube is mixed with an equal volume of acetic anhydride, 
cooled, and added to a few drops of concentrated sulphuric 
acid With soda pulp no definite reaction occuis, but with 
sulphite pulp a pink coloration changmg quickly to gieen 
IS produced 

Thh Blbachino of Wood Pulp 

Two methods are m use for the bleachmg of wood pulp, 
the moat general being the employment of ordinary bleach- 
mg powder, and the second bemg the treatment of the pulp 
by means of solutions of hypochlorite of soda or magnesia 
prepared by eleotiolysing the chlorides This method of 
electrolytic bleachmg is finding general favour amongst 
manufacturers when the power required can be supplied at 
a cheap late 

Jiltaching uith Chloiide of Lime — The general pimciple 
of bleachmg wood pulp by means of a clear solution of 
ordinary chloride of lime is simple and fundamentally a 
process of oxidation The method consists m immersion of 
the pulp m a given quantity of diluted bleach liquor of 
definite strength, but many modifications of method are 
available, and need to be closely studied m order to produce 
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the best lesults eoononucally The vaiious systems in use 
may be biiefly desenbed 

Bleaching in the Potcher — This is the process most 
geneially adopted by the paper makers The sheets of diy 
pulp aie put mto the potcher with watei, broken up, and 
a definite volume of oleai bleach liquoi is added The pulp 
is contmuously circulated until the desiied colour has been 
obtained, oi until the bleach has been completely exhausted 
"When the operation is completed, the pulp is washed con- 
tmuously with fiesh water, the exhausted bleach liquor and 
washmgs being removed in the usual way by means of the 
drum washei In many cases the pulp is disohaiged into 
large tanks piovided with perforated false bottoms and the 
washing process completed by draining 
Bleaching in Diatiiets — A modification of the above 
piocess which gives good results is frequently used The 
pulp IS broken up in the potcher, the requisite amount of 
bleach hquor is added and the contents of the potcher at 
once diBchaiged mto tanks where the bleaching process is 
allowed to proceed with the mass at rest. This method 
requires longer time, but gives excellent results m pomt of 
colour and economy of bleach 
Bleaching by the Touei system — For this process of con- 
tinuous bleachmg a senes of cyhndiioal vessels with taper- 
ing bases is used, about 16 to 20 feet high and SJ- feet m 
diameter 

The stuff is kept m circulation by means of a pump fitted 
at the junction of the tapermg ends with an external pipe, 
the latter bemg so arranged that the circulating stuff can be 
pnmpbd mto the tower or to the adjacent one of the batteiy. 
Fitted in the upper part of the tower is a cone, ananged 
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centrally ■with, anJ almost touching, the sides of the outer 
cylmder to ensuie thorough distiibution of the stuff, as it 
IB pumped up the external pipe (see Fig 19) 

It IB usual in a modem batteiy of bleaching towers to 
pass the stuff as it comes up fiom the potcher through 
a concentrator m ordei to remove a laige pioportion of 
water wheieby the bleaching is earned out more economic- 
ally and expeditiously 

In senes with the last bleaching tower also iheie is a 



Fig 10 — ^Tower Bleoolung Plant 

This photograph on a i educed scale represents a plant capable of 
bleaching 10 tons of half stuff per diem 

second concentiatoi, which removes the residual bleach 
liquor to a gteat extent, the necessary washing bemg 
reduced thereby to a mmimum 

This machine is very simple and compact, and capable 
of a large output 

It IS on this account to a certam extent replacing the 
moie costly presse-pate system of purification It consists 
of a revolving drum made with a central mteinal cone, so 
as to deliver water at both ends The shell itself is of 
brass, drilled with holes and coyeied with a wire cloth 
The stuff is pumped up through a butterfly throttle valve 
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into a splaying mouth, thus causing the pulp to flow along 
the uhole width of the dium covei 

The covei oi hood is so aiianged by means of paclung, 
that the watei in the half stuff can be foiced thiough the 
wiie cloth of the revolving drum, by a pressure of 2 to 3 lbs 
pel aquaie inch, leaving a mat of hbie upon it 

The pulp is then picked off the wiie by means of a 
jacketed couch roll, and a wooden doctor fitted to the latter 
seiwes to soiape off the fibre mto boxes An economy of 
about 25 per cent m the bleach consumption ovei the 
ordmary method employed with a minimum of power is 
claimed by this system The total time occupied in bleach- 
ing 18 usually about twelve hours without heat 

AviomaUa Piocesa — In many wood pulp mills the 
tower ’’ system is so contnved as to produce a con- 
tmuous automatic bleaching of the pulp The pulp dis- 
chaiged from the digestois is thoioughly washed and then 
pumped into a senes of large cylmdiical vessels, so arranged 
that a continuous stream of pulp and water enters the first 
vessel together with a carefully regulated quantity of bleach 
liquor which also flows into the fiist tank at a constant rate 
The mixture giavitates into the second vessel of the senes, 
then into the third, and m this way thiough all the vessels, 
until on reaehmg the last tank the bleach is fully exhausted 
and the pulp has attained the desired colour The bleached 
pulp IB then removed and thoioughly washed 

Conditwna jfoi Economical Bleaching — It is difficult to 
acomately compare the methods adopted by paper makers in 
bleaching wood pulp for the purpose of determmipg which 
system gives the best results, but there are ceitam conditions 
oomihon to all methods 
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In the fiist place, the bleaching powder must be of good 
quality, contammg the specified percentage of available 
chlorine The extraction of the soluble calcium hypo- 
chlorite also needs caieful attention, as seiious losses fre 
quently occur when the powder is not proper ly exhausted 
With chloride of lime contammg 86 to 36 per cent of 
available chlorme the quantity of clear bleach liquor 
obtamable for vaiious densities is shown in table — 


Tadi^b showino the Numeeb of Gileons of Bleach Ltouob 
OBTAINED FHOJI 1 OlVl OF POWDEB (34 TO 30 FEB OFM 
OF CnEOBIlrE) 


Tvrodaell 

Avallabln chlorino 
LbH ptr 1U0 giillonH 

Oalloni fVoiu 1 uwfc. 

Sd poMilor 

GnlloRH from 1 i wt 
sop pPLUt jjuwikr 

20 

Cl 50 

61 2 

60 0 

19 

oS-JO 

6o 3 

(i9 0 

18 

65 IS 

60 0 

73 0 

17 

62 27 

73 5 

77 0 

16 

48 90 

77 7 

82 0 

Ifi 

45 70 

84 0 


14 

42 31 

90 0 

97 0 

13 

39 11 

98 3 

1042 

12 

3o 81 

106 4 

112 0 

11 

32 68 

116 0 

120 0 

10 

29 61 

129 0 

137 2 

9 

26 62 

142 0 

151 3 

8 

23 1 1) 

160 3 


7 

20 It 

1801 

107 2 

6 

17 10 

219 6 

212 4 

6 

14 47 

264 0 

278 6 

4 

1144 

334 0 


8 

8 48 

44S2 

47j 5 

2 

6 58 

6810 


1 

2 71 

1403 0 

1488 0 

i 

140 

2725 0 

2893 0 


Any deviation horn the above figures may be tiaced to an 
unnecessarily prolonged agitation of the powder with water 
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or an imperfect washing of diegs Fifteen minutes is 
sufficient to pioduee a liquor of maximum density with a 
residue which settles readily, if the opeiation is continued, 
as it often is, for an houi or more, the insoluble lesidue 
becomes bulky and does not settle quickly The lesult 
18 that the first strong hquoi cannot be so completely 
siphoned off fiom the lesidue The best plan is to exhaust 
for fifteen minutes, allow the sediment to settle completely, 
siphon off as much as possible, and to agitate the residue 
for another fifteen minutes with fresh water, adding the 
weak liquor when clear to the first extract, so as to give 
a stock bleach hquor for use in the mill at a density of 
6 ° Tw The dregs are again exhausted with water and 
the weak liquor so obtamed utilised m exhaustmg the next 
batch of powder 

It should also be noted that fresh liquors cannot be kept 
indefinitely m store tanks without deterioration 

The unstable nature of solutions of bleaching powder, 
and the loss of a\ ailable chlorm^ entailed when the hquor 
IB not used under proper conditions, is well known to most 
papei-makeiB, although such depreciations in bleaching 
value are not always expressed m numeiieal terms The 
following experiment will thiow some light on the character 
and extent of the changes found m oidmaiy bleach hquor, 
when stored. 

Some flesh, bleaching powdei was taken, and a solution 
made by extraction with distilled water, having a strength 
of 7 ° Tw Three samples of liquor were put aside under 
the foUowmg conditions — 

A Sample of cleai liquor in stoppered bottle 
B Sample of liquor m an open vessel, and left exposed. 
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the crust of chalk which quickly formed on the surface 
being left uudiaturbed 

C Sample of liquor in an open vessel, agitated twice a 
day, at 9 a m and 4pm 

These solutions weie tested once a week, with a standard 
decmoimal solution of aiseme 


Tadlb Snownso 0 0 or Absemo Solution IbsauiKED by 
1 0 0 or THE BLEiicH Liauoli 


f^erlud. 

A 

boLLlc 

B 

Ojton \casel 
not dirttiirlKxl 

0 

open viaiMl, 
ugitfttiKl 

At start 

7 Oo 

7 06 

7 •05 

Alter 1st week 

6 90 

6 00 

s-oo 

„ 2nd „ 

0 8o 

0 60 

0 40 

„ drd ,, 

68 

40 

0 27 

„ 4tli „ 

68 

27 

016 


In the case of the bleach liquor pieseived lu a bottle and 
kept away from contact with air, the loss of available 
ohlorme is very slight In the open vessel, where the 
formation of a cinst has pi even ted contmual contact with 
air, the reduction of strength is slight the first two weeks 
Probably the rapid fall m the latei weeks of the period 
may be due, m some measure, to the clistuibanee of the 
crust in removmg samples foi titiation In the case of the 
solution agitated each day the loss of strength is veiy rapid 
The precise value of these changes aie readily seen by 
reference to the accompanying tables, in which the losses 
ore set out. 
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Tabie Availabeb Ohlobine in 100 0 C oe 

THE Bleach Liqhoh 



A 

Qriiniinos. 

B 

OramnieR 

1 

0 

Grannntifl 

At start 

2 60 

2 50 

2 10 

Aftei 1 week 

2 45 

2 4o 

138 

,, 2 weeks 

2 48 

2 34 

0 14 

, 4 

240 

0 9B 

0 03 


Expressing these lesulta m a form moie familiar to 
papal -makers — that is, in terms of the weight of normal 
bleaching powder — we get the following — 


Table showino the atailablb Ohloeine exeebbsed as Lbs 
OE Noemal Bleaching Powdee pee 100 Gallons 



A 

Lb0 

a 

a 

Lbfc 

At start 

10 6 

70 6 

70 6 

Aftei 1 week 

69 0 

69 0 

39 0 

„ 2 weeks 

686 

660 

40 

n 4 fi 

68 0 

27 0 

16 


The storage of the bleach liquor in the paper mill usually 
resembles the conditions of experiment B, and it will be 
noticed that the depreciation for the fiist week is very 
slight indeed 
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The principal chemical change brought about by exposuie 
to au IS the disappeaiance of calcium hypochloiite and 
the ineiease m the percentage of calcium chloride, con- 
current with the formation of a considerable amount of 
chalk, more particularly with the sample agitated each 
day 

Use of Besidual Liquoi s — The practice sometimes adopted 
of utilising lesidiml liquors washed out of the potcher on 
the completion of a bleaching operation cannot be generally 
recommended 

“ Back liquors ” may be repoited as containing “ a\nilable 
ohloime ” in useful quantity from the density as tested by 
the hydrometei, m conjunction ivith the occasional applica- 
tion of the usual cbloiine test solution, vix , staicli paste 
and potassium iodide The laltei test, however, has no 
quantitative value, and the usefulness of the hydiometei as 
an indiieot indicator of chemical strength depends upon the 
oil root Intel pretation of density Direct chemical tests are 
alone able to reveal the actual condition of the back 
liquors 

Cucumstances under which residual liqiiois could be 
used with any advantage are to be found in mills where 
water is scarce In such cases the pulp from boiling opeia- 
tions might be treated with the residues foi the purpose of 
using up any traces of bleach, and also economising washing 
wateiB 

Composition of Residual Ltquois — The liquors left after 
the bleaching of wood pulp are of a complex composition, 
They contam soluble organic compounds, resinous matteie 
hme salts, residual hypochlorites and salts of higher 
oxides of chlorme (acids), eg, chlorites and chlorates 
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Temperley gives the analysis of such a wood pulp liquor 
as follows — 

Lbs pel 
1,000 gallons. 

Mineral leaiduea, chiefly oalcium ohloiide 126 6 
Organic residues, volatile on ignition 62 0 

Total solids, diied at 100° C 1R8 6 


The surface scum obtained horn the liquoi bad the 


followmg composition — 


Lbs pel 
1,000 gallons 

Resmous matter 


217 

Lime 


80 

Moisture 


890 

Fibre . 


210 


Total 

. 14 27 


The compounds m solution m residual liquors are very 
unstable, and leact easily with the hypochlorite of fresh 
bleaching powder, so that the employment of washings m 
conjunction with raw bleach solution must result m a waste 
consumption of powder per ton of air-dry pulp 
Temperley has shown this by some mterestmg expen- 
ttients, and we quote these as lUustratmg an impoitant 
factor m economical bleaching Defimte quantities of 
bleach solution were added to known volumes of ordmaiy 
water, and similarly to equal volumes of a carefully filteied 
residual hquor from the bleachmg of a sulphite pulp The 
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solutiona were tested foi a period of foui horns at diffeient 
temperatuies, the lesults being very diflfeient in chaiaoter 

Exphbimbnts with Obdisary "Water 


Solution 


"Water 




Bleaching pnwtlei used 


Temperature 

Giuins per 

Lbs per 1 000 

used 

gallon 

gallons 

70" Fahr 

4 20 

0 60 

90“ ., 

4 90 

0 70 

120“ ,. 

910 

1 80 


ExPBIlIJIB^TS WITH EfSIDUAIj IjIQITOBS 


Solution 


Liquor 

9) 

ii 


Tempernture 

used 


70" Fahr 
120 " 


Blenching 2 «)wder used 
Grains pei Lbs per 1,01)0 
gallon gallons 

194 20 27 70 

248 60 85 50 

784 00 112 00 


The figures heie show that lesidual liquois, even if 
colouiless, are positively detiimental to efficient bleaching 
Practical wort demonstiates this, not only fiom the point 
of view of consumption, but, what is often of gieater 
importance, from the point of view of coloui The same 
’defect is found to a lesser degree m the use of unhlteied 
watei, 01 watei coloured by vegetable matter in solution 
It IS evident, theiefore, that the practice of using lesidual 
liquors should be confined to then use for partial washing, 
and that they should not be used for dilutmg strong bleach 
hquois 

There aie many inter estmg and important details to be 
noted m connection with the bleachmg of wood pulp The 
process is frequently hastened by the use of live steam, 
which IS blown into a mixture of pulp m the potoher The 
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rate of bleaching la thus consideiably hastened, but the 
pi actice 18 not one that should be earned to an eztieme 
The economy of bleach is also controlled to some extent by 
the piopoition of watei to pulp In some eases the number 
of pounds of an diy pulp pei gallon of hquid is much 
lower than it need be, and this usually tends to a gi eater 
consumption of bleach powdei The usual propoitions 
aie — 

Air diy wood pulp 100 lbs 

Amount of solution in potcher 160 gallons 

The bleaching of very haid snlphiie pulps not manu- 
faotuied oiiginally for bleaching may fiequently be assisted 
by slight modifications m the pioeess A lefiactory pulp 
may often be bleached to a good colour by the opeiation 
known as “ successive bleaching ’ The pulp is ti eated 
with a certain pioportion of bleach liquoi, which is then 
washed out and followed by a fuithei quantity of fresh 
bleach liquoi This method is often sufficient to remove 
the yellow tinge found in half stuff fiom poor qualities of 
pulp 

Caustic soda may sometimes be used with advantage as a 
piehminary piooess m bleaching haid pulps which exhibit 
a leddish colour, but it is not economical to bleach “ low 
boiled” pulps, as the bleach consumption is too great, 
sometimes leading 80 pei cent Even simple washmg with 
hot water before bleachmg gives a pulp of greatly improved 
colour 

The improvements due to preliminary washing may be 
traced to the presence of soluble constituents, the nature 
of which iB at present unknown That these constituents 
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exeioise a consideiable influence on the bleaching may be 
seen fiom the following expeiiment — 


Pulp Bleaoited por Thueb Hours at 70“ Pahe 


Coiiditluna of blca< Iiliig 

l*t*i cent 1 Ipiicli 
eoiiMuniLul 

Colour 

Pulp bleached in the oidmary way 
in a ehallow dish 

10 8 

Moderate 

Pulp bleached lu the ordinary way m 
a bottle 

10 8 


Pulp bleached aftei being first ex- 
tracted with watei 

120 

Good 

Pulp bleached after extraction with 
watei followed b 3 ether 

76 

Verj good 


The “time element” is an impoitant factor m many 
mills owing to the lack of adequate bleaching plant, which 
in many cases can be attiibuted to the fact that the output 
of papei is increased by additional machines, but that this 
IS not accompanied b> the installation of furthei plant foi 
the preliminary operations Some pulps bleach quickly 
and readily, while otheis occupy a much longei time It 
IS not, of couise, possible to deteimme whetbei a pulp will 
bleach easily by mere siipei'ficial obseivation, this can only 
deal with the associated chaiacteiistics of the pulps The 
rate of bleach consumption is a close mdex of geneial 
bleaching quality, and the following expeiiment is of inte 
rest as showing the diffeiences between pulps which do not 
exhibit any great diffeiences when simply judged on external 
cbaiacteristics — 

Exjici iDicnt 1 — Bland C An oidinary soda wood pulp 
60 grammes aiudry pulp with 460 c c bleach hquoi at 
66° Pahi (contammg bleach solution equivalent to 
11 7 grammes of dry bleaching powder) 
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Experiment 2 — Brand B A sulphite pulp About 14 
per cent of bleaching powdei, calculated on the air diy 
freight of pulp, added Actual consumption for colour 
required amounted to 12 5 pei cent 
Expenment 8 — Biand A A sulphite wood of good 
coloui, lequiiing a consumption of 8 per cent of 
bleaol} 

Setting out m tabular form the rate at which the amount 
of dry blenching powder is consumed, the followmg results 
are obtarned, expressed rn terms of the percentage rate 
The total bleach added is taken as 100, and the proportions 
consumed each hour are taken as percentages of the total — 
Hath or Oonsuicption 


Hours. 

Brand 0 

Brand B 

Brand A 

0 

0 

0 

0 

1 

33 0 

— 

20 0 

2 

44 0 

30 0 

13 0 

3 

fil 0 

— 

43 0 

4 

66 0 

66 0 

49 0 

6 

70 0 

— 

60 0 

fl 

— 

78 0 

63 0 

7 

80 0 

90 0 

70 0 


It will be noticed that m none of these cases was the 
total bleach consumed m the seven hours If the figures 
are plotted out on a curve, the differences in behaviour 
become very clear and may be expressed in definite form 
Thus, with Bland C the pulp bleaches very lapidly 
during the flist hour, and then bleaches at a uniform rate 
for the succeeding four hours, and subsequently consumes 
bleach very slowly 

In the case of Brand B, the pulp bleaches somewhat 
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rapidly during the fiist hour, and then the late of con- 
sumption 18 quite unifoim foi the following six hours 
Finally, with Biand A the pulp, m common with most 
biands, consumes bleach rapidly at fiist, but afteiwaids 
the rate of consumption gets slower and slower 

These three biands are typical of the conditions which 
will occur with the ma]oiity of pulps The late of con- 
sumption beyond the peiiod of seven hours is not of 
immediate mterest to the paper-maker, but it is still a 
question of some moment in an investigation of this kind 
Owing to the gieat diffeiences between pulps as to their 
bleaching qualities, it is important to have methods for 
determining the amount of bleach consumed m bringing 
the pulp to any desiied coloui The following methods 
may be adopted — 

The Appyojnmatc Method of DeUimminrj the Consvmptwn 
of Bleach — The behavioui of the pulp when biought into 
contact with bleach solution can be studied by paiiei- 
makeis to some extent without special appliances or chemi- 
cals, provided they possess some faiily sensitive balance 
and a few measuiing vessels The following rough aud- 
leady method ma\ be adopted with advantage m many 
circumstances, although the results are only approximate, 
and cannot be accepted as correct enough foi purposes of 
settling any disputes — 

Take 200 grammes of the pulp and wet out iii waim 
water, place m a large bottle with a further quantity of 
water, add a few beads oi, better, garnets, and shake 
vigorously klost pulps can be bioken up sufliciently for the 
laboiatory test in this way Strain off in a sieve, squeeze 
out excess of water, and divide the moist mass into a number 
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of equal paits, t q ,10 poitions, so that each lot lepiesents 
20 giammes of the oiiginal an diy pulp Pulps which will 
not bieaL. up easily by this method aie leduced with pestle 
and moitai to the lequiied condition of complete disin- 
tegiation Unless the pulp is thoioiighly bioken up, the 
mass bleaches unevenly and does not give uniform lesults 
Now to each portion, in a convenient open vessel, add 
200 c 0 watei and vaiying quantities of cleai bleach liquoi 
from mill stock, so as to obtain a senes of bleaching tests 
If the mill stock of hquoi stands G° Tw , then it is 
sufficient to take the following data — 

1 gallon of 6° liquoi = ^ lb of good bleachmg powdei 
1,000 0 e of 6° liquoi = 60 giammes of good bleaching 
powdai , 1 c 0 = 060 gini 

Fiom this assumption it is possible to work out the 
several quantities of liquoi leqmred in the e\peiiment 
suggested 

The following table shows the necessary volumes of 
liquoi for certain percentages of dry powdei — 


^o 

GmmmttB of 
alinlry pulp In 
mixture 

Fercentae(6 of dry 
bloauUlug powder 
to bo ndiiod 

Actual wolcbt of 
diy powder 
r^ulroU 

Volume of bleach 
liquor to give the 
vfai^it of iicwdor 
(dated 


20 0 

20 

0 4 gnas 

8 0 0 0 


20 0 

■i 0 

0 8 

16 0 , 


20 0 

6 0 

1 20 , 

24 0 „ 


20 0 

80 

100 

3-0 „ 

Q 

20 0 


2 (K) „ 

40 0 „ 

fl 

20 0 


2 40 „ 

48 0 „ 

7 

20 0 


S2SU „ 

36 0 „ 

8 

20 0 


J 20 „ 

640 

» 

20 0 

18 0 

8 60 , 

7*i0 

10 

20 0 

20 0 


80 0 , 
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If all these ]xii\tuies aie ataited simultaneously, it is 
only necessaiy to stir them occasionally and to note the 
time at which the bleach liquoi m each becomes exhausted 
The time of exhaustion is determmed by means of staich 
and iodide test papeis, which give a blue coloiation as 
long as the mixture contains any available cbloime The 
observer will then add another column to the above table, 
setting out the various periods of exhaustion 
This expeiiment not only seives to bung out cleaily the 
rate of consumption, but also gives infoi matron as to the 
amount of bleach required to produce a certain result in 
reference to colour For example, the colour gradually 
improves from test No 1 up the scale towards No 10 
In the case of a pulp which reqrmes about 16 per cent 
of dry bleach, the changes in colour between tests numbered 
7 and 8 will be very slight Test No 8 may represent a 
maximum of coloiu with a ceitain percentage of bleach, 
which maximum it may not be necessary to reach foi the 
particular paper bemg manufactured This is a matter for 
the paper-maker to decide 

Standaid Method — A more accurate method of detei- 
Imnmg the amount of bleach requned for pulp, and one 
which might be acceptable as a standaid official method, is 
given in the form of instiuctions ns follows — 

Selection of Samples fi am Bulk — From the bales of pulp 
dehvered mto the mill select 2 per cent of the number of 
hales From each of the selected bales remove one sheet 
The sheets so obtained should then be divided mto two 
portions, one of which is to be retamed for purposes of 
reference and the other poation utilised for the laboratory 
test 
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Selection of Laboi atoi y Test Samples — Cut small strips 
J inch wide, and any convenient length of 2 or 3 inches 
fiotn each of the sheets in the hulk samples, sufficient to 
give three oi four lots of about 10 grammes each 

P) epcn ation of Bleach Liqim — Make up a bleach solu- 
tion containing 40 giammes of good powdei pei 1,000 c o 
This gives a 4 pei cent (vol ) solution, which is a convenient 
woiking strength If 40 giammes of good bleaching 
powder aie tboioughly mixed with water and filteied, the 
residue bemg piopeily washed and the hltiate made up to 
1,000 c c , the fmal solution is of such a strength that 
4 c c of standard arsenic solution is equal to 1 c c of the 
clear bleach hquor This figure will vary according 
to the quality of the powdei and the completeness of the 
washing of the powdei The solution should be carefully 
standardised with decinoimal solution of arsenic, so that 
the percentage of available chlorme is known, and the exact 
number of c c givmg 1 gramme of 86 6 pei cent bleaching 
powdei, calculated The convenience of making up the 
solution in this way is obvious If we assume a good 
bleaching powder as one contammg 86 6 per cent available 
chloime, then 

( 00366 gnn Cl or 
1 0 c standard arsenic = | oi grm bleaching 

powdei 

25 c 0 bleach solution =10 grm bleaehmg powder 

Pi epai ation of Test Sample — Weigh out exactly 10 
giammes of the pulp from the selected test sample, macerate 
and beat m a mortar with successive small quantitres of 
water, usmg for this purpose 60 c.o Place the mixture in 
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a beaker, standing Ihia m a water bath, by means of which 
the mixture can be heated 

The object of usmg a measmed quantity of water, 60 — 
60 c c , 18 to ensure that the finai mixtuie of pulp and bleach 
contains a definite piopoition of solution to the amount of 
dry pulp taken foi the exjjeiimeiit, leasons foi which have 
already been discussed 

Bleaching — Add 62 5 c c of bleach liquoi to the contents 
of the tumbler, stii with a glass lod, and add 47 — 60 c c of 
watei 

The piopoition of solution to an -dry pulp vanes con 
sideiably in diffeient mills The average of fagiues winch 
have been placed at the disposal of the wiitei would 
indicate that the following proportions might he utilised for 
pill poses of expeiiment — 10 giainmes of an diy pulp and 
160 0 c of solution With regard to the amount of bleach 
liquor used, experience would suggest taking an excess of 
bleach liquor and determining the bleach unconsuraed in 
the solution Moat pulps can be treated by adding bleach 
liquor obtained from good bleaching powder equivalent to 
26 per cent of the weight of wood pulp taken for experi- 
ment In the above case 62 6 o c of a good bleaching 
solution would be equivalent to 2 6 grammes of powder 
This figure, as already explained, w’lll vary slightly, but as 
the value of the solution is determined by means of standard 
aisenic, the variations can be easily allowed for 

Temperature, etc — Maintain the water bath at a tempera, 
ture of 100° Fahr , stuiing the mixture occasionally with a 
glass rod, and testing the solution from time to tune with 
starch iodide paper When the colour reaches the required 
standard, filter off the solution and wash the pulp 
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A filtei papei is not necessary foi the purpose of sepa- 
rating the solution, because the pulp, when thiovm into a 
funnel, acts as its own filtei The washing should be 
continued until the filtrate shows no coloiation with starch 
iodide paper 

Titi ation of Filti ate — The amount of unconsumed bleach 
m the filtiate is determined by means of standaid arsenic, 
and thus the amount of bleach actually consumed by the 
10 giammes of pulp accuiately deteimmed The amount 
of powdei used foi the bleachmg of the pulp is then a 
matter of calculation 

Checking the Result — ^If the amount of hleach originally 
added piovea to be much m excess of that actually consumed, 
cairy out a second test, using bleach liquor containing a 
slight excess above the equivalent of bleaching powder 
shown by the first experiment 

In all expeiiments of this land it is advisable simply to 
use only a slight excess of powder, and if the appearance of 
the wood pulp gives some clue as to the probable amount 
of bleach, the first expeiiment will frequently give the 
desired lesult without a check test 

Sample Sheets of Bleached Pulp — By means of a small 
band mould make up a few sheets from the bleached pulp, 
in 01 del to have a permanent record of the colour produced 
under the conditions of the experiment Attach these 
sheets together with one oi two pieces of the oiiginal pulp 
to the certificate 

Recoi ding the Oolom of Pulp — ^It sometimes happens that 
with a aenes of pulps bleached under similar conditions the 
sheets vary but little m colour Such small diffeienees 
pomt to the necessity of a method of recoiding coloui 
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more eoiiect than compaiative veibal desciiptions Exact 
lecoids aie those of colom analysis by means of the Tinto 
metei The following expeiiment may be quoted as an 
example — 

Thiee vaiieties of sulphite pulp were exammed, and small 
sheets weie made up tiom the thiee samples as follows — 

(1) Sheets of the oiiginal unbleached pulp 

(2) Sheets fiom the pulp after being bleached with 10 
per cent of bleaching powdei 

(8) Sheets of the pulp aftei tieatment with 18 pei cent 
of the powder 

The eoloui analysis of the samples is given in a table 

These lesults aie inteiesting and instructive, as showing 
the gradual elimination of the non cellulose constituents of 
the pulp and the exact changes m colom clue to the varying 
extent of bleaching oi oxidising action The stages of colour 
are represented by the combmations of the standard glasses 
used In the original pulp we have the combmations of 
red, yellow and blue , m the pulp bleached with 10 per 
cent , red and yellow only, and in the final product some 
traces of yellow This table (see next page) is the more 
interesting because the gradual elimination of the colouimg 
matter is expressed m numeiiool terms 

The significance of the colon}, leadings is naturally 
only famihar to those who are constantly handling the 
Tintometer instrument When an observer has become 
accustomed to the depth of colom of the various standard 
glasses, then the numeiical expression conveys an aocmate 
idea of the colour, so that after some practice he obtains a 
mental picture of the colour of the pulp from the figures 
which record the visual colom‘ 
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Electiolytic Bleaching 

This term, ra its stricter and moie correct sense, imphes 
a piocesB m which a bleach liquor prepaied by electrolytic 
methods, is used as a substitute foi the calcium hypochloiite 
solution obtamed by treating ordinaiy bleaching powder 
with water In piactioe this lesolves itself into the use 
of a sodium hypechlorite solution prepaied duect horn 
common salt by electrolysis 

In a wider sense the term may also be applied to the use 
of bleacbmg powder which has been manufactured from 
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cbloiine obtained eleetiieally from salt In this case the 
IDrocess is only an mdneet “ eleckolytic bleaching," since 
the actual bleaching agent is still ordinary ohloiide of lime 
In then relation to the bleaching of wood palp both 
systems need to be considered, since there might be certain 
advantages with the indiiect electiolytic tieatiuent in 
factoiies favouiably situated 
In the hist system a solution of common salt is submitted 
to the action of an electiie cuiient, which decomposes the 
sodium chloride and ultimately produces two substances, 
caustic soda and chloime These pioducts inteiact m the 
solution to form sodium hypochlorite, which is then at 
once available for bleaching Only a small propoitiou of 
the salt 18 actually converted into the active hypochlorite, 
and the process depends foi its comineicial success on a 
supply of cheap salt and electiical power 

In the second system a solution of common salt is also 
submitted to electrolysis, but the lesultant pioduottf of 
decomposition aie carefully separated, and not allowed to 
combine The caustic soda is cltawn off continuously and 
subsequently concentrated, while the chlorine gas is taken 
off and brought into contact with dry lime foi the manu- 
facture of bleaching powdei, oi passed at once into milk of 
lime and thus converted drrect into bleach solution Com- 
plete decomposition of the original salt is effected by this 
means, and two products of commeicial value are obtained 
In pulp factoiies where wood is treated by the soda process 
the use of this second system might be a decided advantage 
I The process of electrolysis presents no difficulties in the 
laboratory, but the piactieol application of them foi the 
puipose of devising a commeiual and lemuneiative sjstem 
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foi the manufactme of alkah and chlorine has proved a 
diflicnlt and costly task 

The laws of electrolysis, togethei with the terms and 
nomenclatuie expressing theielations of cui i ent to chemical 
•work, aie mainly due to Faiaday In regard to the electro 
lysis of common salt a omrent of one ampeie passing 
through a solution of the sodium chloride will liberate 
1 82 grammes of chloiine per hour and the equivalent 
quantity of caustic soda simultaneously 

The teims usually employed in reactions relating to 
electiolysiB are as follows 

Ampeie — The unit of cuirent or rate of flow in terms of 
coulombs per second {infia) 

Volt — ^The unit of eleotiomotive force, or electrical 
pressure, which applied to a conductoi having a resistance 
of one ohm, will give a current of one ampere 

Ohm — The umt of resistance, which is that of a uniform 
ool'umn of mercury 106 8 cm long, and mass equal to 
14 45 grms. 

Coulomb — The unit of quantity, or the quantity of 
electricity derived from a current of one ampeie in one 
second 

Watt — The umt of power is the power of a current of 
one ampere flowing under a pressure of one volt It is 
equal to one jouU per second 

Joule — The umt of work, or the energy expended m one 
second by a cun ent of one anipvie paseuig through a 
resistance of one ohm 

Ehctrolym —The chemical change of decomposition 
produced by a eurrent of electricity passing through a 
solution of a substance. 
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Elect) ohjte — A term applied to the solution undei going 
electrolysis 

Elect) ode — The terminal conductor, usually carbon or a 
metal, by means of \vhieh the current is passed into or 
taken away from the solution undeigoing electiolysis 
A)iode — The conductor or electiode which conducts the 
current into the solution or electrolyte 
Cathode — The conductor oi electrode which conducts the 
ounent out of the solution or electrolyte 
Amo)i — The product of electrolysis obtained horn the 
electrolyte which is given off at the anode, and is always 
electro-negative in character 

Cation — The product of electrolysis obtained from the 
electrolyte which is given off at the cathode, and is always 
electro positive in character 

Powe) Consmnption — This is usually measured m “ kilo- 
watts ” 

A watt = ampere x volt 
A kilowatt = 1,000 (amperes x volts) 

746 watts = 1 hoise power 

Pioduttion of active chlmine — The equivalent of one 
ampere passing through a solution of salt is 1 32 gi amines 
of ohloriiie per hour (at the anode) In practice a smaller 
yield is obtained owing to secondary reactions and equiva- 
lent loss of current efdciency, mcieasmg os the amount of 
“ active chlorine ” accumulates The actual mean produc- 
tion rs about one gramme of chlorine pei ampei e-hqui for 
weak hquors. On this basis with a potential of 3 6 volts, 
For 1 gramme chlorine = 1 ampei e-hour 
1 kilo chlorme = 1,000 ampeie houia 
1016 kilos chlorme = (1,000 X 1,016 X 8 6) watts 
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01 1 ton chloiine = 3,650,000 watts 

= 3,666 kilowatts 

The actual consumption of powei uudei the sj stems now 
in piactical use appears to be 5,000 kilowatts foi a ton of 
“ acti\e chloinie ” 

The eailiest attempts at the diiect industrial jiioduction 
of bleach liquoi, i e a solution of a liypochloiite, weie made 
by E Heimite ovei tweiitv yeais ago On this system the 
electiolyte was a solution of Magnesium Chloiide (2 — 3 
pel cent MgCIa), which was electiolysed to a concentia 
tion of about 3 grammes “ chloiine ” pei litie 

An essential featuie of this process was the continuous 
oiioulation of the electrolysed liquoi as between the electio 
lysei and the beating engine, and the lealisation of the 
cycle of changes, viz — the electiolysis of the magnesium 
chloride to hjpochloiite in the electiolyser and its leveisal 
m the beating engine as the lesult of chemical work done 
The Heimile system on this principle was found unwork- 
able, foi, owing to secondary leachons and waste consump- 
tion of bleaching compounds, the percentage ourient 
efBeiency was veiy low It is still used, however, as a 
method of producing a hypochlorite solution 

There are now several types of electrolytic apparatus in 
use, based on the conversion of salt (sodium cbloiide) into 
sodium hypochlorite 

Haas and Oettd Appaiatvs — This electiolyser is simple 
in construction and working, and is in considerable favour 
where small quantities of bleach liquor are lequued, 
pnitioulaily in laimdiies and textile works It consists of 
a narrow earthenware vessel containing the electiodest 
which are so arianged that the vessel is divided into a 
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numbei of sepaiate compaitments, piovided with a feed 
pipe to each neai the hottom, and an overflow channel at 
the top This vessel is iinineiaed in the laige store tank 
containing a salt solution of 10 ° Be When the cuiient 
passes, the hjdiogen gas liheiated at the cathode causes 
the solution to fioth and use 1121 in each oonn)aituieut 
This pioduces an automatic continuous ciiculation of the 
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electrolyte solution, since the expulsion of some of the 
latter through the overflow jupes 211 oduces a partial vacuum 
m eaoli ehamher, which causes fresh liquor to pass into the 
chambers through the feed pipes at the hottom 

Adequate aiiongements of cooling pipes ensuie a com 
paratively low temperature m the cell, which is essential to 
the production of a maximum amount of hypochlorite and 
a minimum amount of chlorate 
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The cunent IS maintained until the desired stiength of 
“active chloiine’ has been obtained, at which point the 
chaige IS diawn off into stoie tanks, and a fiesh quantity 
of salt pumped mto the apparatus The process is 
theiefoie mteraiittent 

The standaid pattern for the production of laige 
quantities of sodium hypochlorite as lequiied in thepapei- 
mill is shown in Pig 20 

It is constructed wholly of stonewai e, the electrodes are 
made of “ caibon,” and the apparatus is adapted foi a con- 
tmuous current at 110 volts The makers quote the foUow- 
mg figures as indicatmg its output and economy of workmg, 
based on a 12 hours test — 

Capacity of Tank 760 lities = 166 gallons 

Balt used 280 lbs = 166 gallons at 28° Tw 

Temperature of solution 20° C 

Cuiient 43 amperes 

Potential 110 volts 

Chlonne obtained 26 78 lbs 

With these results the figures for the production of one 
ton of active chlonne are — 

One cell produces m one working day 63 0 lbs chlonne 

Power required — =?= 118 6 kilowatt horns 

One ton ohlorme lequnes power = 4,800 kilowatt hours 

and salt = 10 6 tons 

Sternens and Halahe Electiolyne) — '^bis apparatus is 
already m use m several paper-mills, notably the Boriegaard 
works of the Kellner -Paitington Co m Norway The 
electrodes ate made of platinum-nidium gauze arranged 
horizontally in shallow stoneware electiolysers, or in 
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chlorine: caustic soda cell 

section 



PlO 21 

iron vossels suitably lined ■with glass or other insulating 
mateiial These vessels are so constructed as to form a 
series of small mdependent deoomposmg cells, and the 
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solution of salt is passed continuously thiough the whole 
senes The eleotiodes are connected up so that no 
electrical connections inside the seveial electiolyseis are 
necessaiy The bleaching liquoi produced is drawn off 
into leseivoiis, oi kept in circulation until the “active 
chlorine ’ is at the woiking strength 

The makeis^ of this appaiatus have iiublished interesting 
statistics fiom time to time and give the following 
paiticularsm leteience to some woiks in Switzeiland 
At this mill the quantity of bleach liquoi obtained in 12 
hours amounts to 2,300 lities containmg 15 giammes of 
active chlorme pei litie 

Curient used = 120 amperes at 120 volts 
Salt consumed = 260 kilos m 2,300 litres of water 
to give 16 grammes chlorine per 
litie 

Workmg out the cost of production with the above figures 
the results aie — 

Ohloime produced ~ 2^0(^ = 84 5 kilos 

Electrical power = ^ = 178 k w hours 

Eleotiical power for 1,016 kilos j 173 x 1 016 , 

oMorme t §46 

Eleotiical power for 1 ton chloime => 6,090 k w hours ' 

Salt for 84 6 kilos chlorme = 260 kilos 
„ „ 1,016 kilos ohloime = 7,600 kilos 

„ „ 1 ton chlorme =76 tons salt 


1 “Papennakei’s Monthly Journal,” May, 1910 
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The following table has been given to show the cost of 
powei and salt foi one kilogiam active Chloiine 


No 

Pi Ice i>er litre 

CJofit of '[lower 
foi 1 kg iirtlve 
< hlorine 

CoHt of Alllt 
for 1 Hctivo 

cliiuilite 

Cost of ]jo\\ or 

an 1 Mile ini 1 kg 

ui tivo chlonuc 

■ 

» 

(1 

(1 

■BHH 

4 


1 

4 

1 12 


2 34 

■I 

1 

2 

2 So 


3 37 

■1 

0 

1 

0 7 


b 42 


1 

4 

1 3 

0 s(j4 

2 lb4 

HI 

1 

2 

2 b 

0 804 

3 4W 

Hi 

0 

1 

0 2 

0Sb4 

fa (104 


1 

4 

1 2 


2 2S 


1 

2 

‘2 4 


i I'j 


0 

1 

4 S 

1 08 

» S8 

4 

1 

4 

1 It 

141 

2 01 


1 

2 

2 30 

144 

3 74 


0 

1 

4 00 

144 

() 04 


The Hieraens and Halske appaiatus is so constiucted that 
the pioducts of electrolysis, namely chloiine gas and caustic 
soda, can be sepaiated continuously duiing electiolysis, and 
when so desiied caused to interact outside the electiolysei 
for the production of bleach liquor diieot The makers 
claim that by this means the same amount of active chloiine 
con be pioduced with lesser power and with a smaller pio- 
poition of salt, and state that the power consumption is 8 6 
to 4 k w hours for each one pound of active chlorine It 
IS obvious that a plant capable of producing bleach and soda 
m this way possesses many advantages over those forms of 
appaiatus in which only bleach liquoi is pioduced In 
localities where lime is plentiful and cheap, and where 
caustic soda finds a ready market, the Siemens and Halske 
electiolysei should give economical results Taking the 
figures above quoted with the appaiatus utihsed only foi 
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the mantifactuie of bleaih liquoi, the cost of one ton of 
active chloiine would ai^peai to be as follows — 



Qiiniititleo. 

Price, 

Total 

Powei 

o,090 k w hours 

at id jier unit ^ 

8 <1 

6 6 0 

Salt 

7 5 tons 

at 12s 

4 10 0 

Renewals 

— 

say 

0 10 0 

Intel est and othei 
cluii(,ea 

- 

say 

1 0 0 




£11 0 0 


* The unit is a kilowatt hour 


Schuckata Elect idijaei — This appiiatus consists of cells 
similai to those employed in other electrolyseis, the chief 
featuie being the special form of the electrodes In the 
Siemens and Halske appaiatas the electrodes axe con- 
structed of platinum and iridium, while in the Haas and 
Oettel they are piovided with electrodes made entuely of 
graphite In Schuckert’s electiolyseis the positive electrodes 
are made of platinum and the negative electrodes of graphite 
This airangement is based upon the fact that the oaibon 
electrode is not attacked by the electro positive element 
at the negative pole, and the platmum is not acted upon by 
the electio-negative compounds piesent at the positive pole. 
Several advantages are claimed for this airangement, as not 
only does the apparatus require less frequent renewels, but 
the presence of smaller particles of caibon m the liquid is 
avoided This electrolyser appears to be capable of provid- 
ing strong solutions Of bleaching liqiud "With a 10 per cent 
solution of salt a lileachmg hquid containing 16 grammes of 
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active chloime pei litre can be obtained with an eneigy 
consumption of 3 2 kilowatt hours and a supply of 6 4 lbs 
of salt per lb of chloiine The usual limit is 20 to 22 
grammes of active chloiine to the litie, and with a Schuckeit 
electrolyser 30 to 35 giammes pei htie can be obtained 
Some mteiesting expeiiments have been made bv Dr 
Praass with eleotiolytie bleach liquoi prepaied by the 
Schuokert apparatus ’■ 

The cellulose examined was easy bleaching sulphite pulp 
A weighed quantity of the pulp was mixed with water and 
a definite piopoition of bleach liquoi (a) fiom chloiide of 
lime and (h) flora electrolytic bleach liquoi The 
temperatuie of the opeiation was maintained at about 80° C 
until tlie whole of the chloime had been consumed The 
results of this lest aie given as follows — 


OOKPARISON OF BLEACHING EFraOTS OP (o) OHLOttlDB OP LlUX 
AMD (i) ElECTHOLX lie LTE 


Test 

No 

( 

Puly 

conc«ntm 

tlon 

Active clilorlno 
pnaent 
OnuumAS per 
litre 

Ohioilne lued 
per 100 
gmmin a of 
air ilrlod jmlp 

Resnltlng Mhite 

1 

1 

16 



a 

2 00 

b 

2 00 

Same with both 

2 

1 

16 

1 26 

12e 

199 

1 99 


3 

1 

12 7 

■iEil 

BEQl 

200 

2 00 

4 

1 

12 6 

0 73 

0*1 

1 82 

182 



1 

ICTil 

OSO 

0 80 

2 02 

2 02 

It 


1 

12 7 

0 80 

0 SO 

2 00 

2 00 



1 

12 7 

0 79 

0 79 

2 00 

2 00 


8 

1 

20 

■ESI 

1 00 

2 00 

2 00 


9 

1 


1 30 

1 oO 

3 00 

100 


10 

1 

20 

1 00 

1 00 

2 00 

2 00 


11 

1 

20 

1 00 

1 00 

2 00 

2U0 


12 

I 

20 

1 30 

1 30 

3 00 

3 00 

It 


Por fui-ther details see “Papier Eabnknnt," 1909 
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Furfchei expeiimeuta weie made by Di Fiaass to deter- 
mine the actual saving of chlorine, if any, effected by the use 
of electioly tic chlorine IhefolloiMngiesultsweie obtained 


(a) PEFJiiia TO Chloride op Lime , (6) Eefees to 
Electrolttio Lie 


TORt 

Pulp 

GonccnCiTt 

tinn 

Actno CbUtrlno 
Itmaont 
GruinniPH wr 
litre 

Ciitorlne lifted 
poi 100 
gnuiinioR of 
nlr di-ierl indp 

RosiilLing 
fuive with h 
In pf*r cent 
Cli Oilni. 

Better white with 

14 

1 20 

({ 

1 (U 

0 

n 

2(U 

b 

1 99 

1 41 

b 

i(> 

1 20 

3 00 


5 30 

a 40 

1 00 

i 

IS 

1 lo 

1 27 

1 23 

2 00 

2 00 


h 

20 

1 16 

1 2» 

1 .4 

2 0b 

1 00 


b 


1 iO 

2 27 

2 17 

4 54 

434 


i 

2i 

1 iO 

2 27 

2 lo 

4o4 

4 30 


a and b same 

20 

1 12 0 

0 89 

0 80 

2 21 

2 00 

10 0 

a 

28 

1 20 

1 00 


2 00 

1 80 

10 0 

a 

30 

1 12 7 

0 80 


2 00 

180 

100 

a 


Fiom the foregoing biief account of electrolytic bleach- 
ing systems it would appear that evolution on the basis of 
expel lenee has limited these systems to the production of a 
solution of a hypochloiite which is used upon the pulp oi 
cellulose textile to be bleached, and is then i ejected as a 
waste liquor after the bleaching agents are exhausted m 
doing chemical woik upon the pulp oi fabric 

The idea of an industiial cycle as advanced by Hermite 
IB rendered impossible by the fact, which is too often over- 
looked, that with the bleaching or oxidising action there are 
secondary leactions, as a result of which oigamo products 
pass into Bolutioi: These pioduots will consume oxygen 
until reduced to compounds of the lowest molecular weight 
This of course is entirely waste work 
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The electiolytic systems finally evolved are theiefoie 
mteimittent, and the lejectionot the waste solution involves 
a loss of so much salt which is too dilute a foim to be use- 
fully recoveiecl 

When we come to the question of the dnect pi eduction 
of caustic soda and chloiine, we ariive in the legion of 
“heavy” chemical industiy 

As a lesult of inventive evolution theie aie two systems 
finally established in this countiy, which aie those of 
Castner Ivellnei, and Haigieaves-Biid 

Each of these systems produces chloiine as such, winch 
18 conveited into bleachmg powdei, or bleaching hquov, as 
an ordinaiy chemical operation outside the electiolytic 
system 

As legaids the woik of the cathode, oi soda end of the 
piocess, the Castnei-Kellnei system pioduces caustic soda 
owing to the special disposition of its electrode, whilst in the 
Haigieaves-Bird piocess the soda which is pioduced as 
caustic soda is removed in the foim of caiboiiate 

These well established systems, for the pi eduction of 
alkali and “ bleach,” aie not easily engineeied, and they 
are in many lespects unsuitable foi small pioductiou 

The mattei with its technical and coinmeicial issues is 
much too complicated to be usefullj discussed within the 
scope of this woik 

Many pioblenis aie presented which aie as yet by no 
means solved and it is qiute possible that the ovei pio- 
duction of chloiine, which is an incidental feature of these 
systems, may lead to fnithei developments of the industiial 
production of cellulose on very different lines from those 
which are exploited to day as almost stereotyped 



176 WOOD PULP AND ITS USES 


Impobts of Wood Pdlp i’sto Gkbat Beitaik, 1904—1908 


(Prom the Annnal Statement oi Tmclo of the United Kingdom) 



QUAVTITlRii. 


1904, 

1905 

1906. 

1907 

lf)03 

Ohemoaii, Dsy 

Prom Eiissia 
,, Sweden 
, Norway 
„ Germany 
„ Netherlands 
, Portugal 
,, Austiia Hungary 
„ United States of America 
, Other Foreign Oountries 

Tons 

9o33 

131,63.) 

33,ild 
0 G09 
2,781 
211o 
2,183 
1,188 
862 

Ions 

12 179 

1 13 o64 
61,948 
7,lsQ 
2,622 
2,482 
3,163 
2 917 
149 

lOIlK 

11 698 
127,046 
77,047 
7,o84 
2,695 
2,219 
1,T6 j 
2 691 
707 


Tons 

15 oOl 
1(11 074 
77 665 

2 1 <is7 
1,820 
2,170 
1,876 
8a5 
212 

Total frem Foreign Oountries 

211,139 

228,410 

233,362 

270,188 

286 860 

Total from British Possessions 

253 

2 964 

7,297 

753 

1 70o 

Total 


231,374 



288 035 

OnEitioAii, Wet 

From Sweden 
„ Norway 

,, Other Foreign Countnes 


Tonn 

6,948 

11,117 

10 

Tons 

7,261 

9,109 

Tons, 

13,29o 

8,724 

46 


Total from Foreign Oountnee 

24,783 

18,07o 

16,370 

22,064 

27,296 

Total from British Possessions 
(Canada) 

n 

19 

■ 

260 


Total 

24,788 



22,314 

27,296 

Mbohaniqal, Dht 

From Bnssia 

Sweden 
,, Norway 

j, Other Foreign Oountnes 

Tods 

3,199 

2,984 

2,811 

164 

Tons. 

2,776 

3,922 

3,653 

16 

Tons. 

1,999 

1,936 

2,733 

1 

Tons 

1,037 

2 428 
2,693 
11 

Tons 

2 061 
3,810 
2,102 
10 

Total from Foreign Oountnes 

9,148 

10,267 

6,669 

6 069 

8,073 

Total from British Possessions 
(Canada) 

61 

■ 


■ 

W83 

Total 

8,199 

10,267 

6,609 

6,069 

9,626 
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yi A>Tiiitfl 



19(H 

inOt 

lOOi 

1 tfr 

1 KIO 

ilEOnAJflCAL, WU 

Prom Eniisia 
„ fciwecloii 
, Norway 

Oeimanv 

, OUier Poioiga Gouiitiics 

Tom 
0,4 i2 
30 741 
224,820 
2j 

74 

Toiifl. 

2 614 
32 040 
202 241) 
2o 
182 

lam 
1,6S6 
31 212 
220,202 

04 

lonH 

2,800 

4 3,010 
262,238 
64 ) 
220 

Tom. 

2,008 

46,010 

277,088 

700 

Total fiojn Poreign Countries 

260,012 

268,010 

262,164 

300,630 

327,414 

Prom Cminda 

„ OUk r Hiitish Possessions 

62 0o7 

80,236 

31 

80,059 

03,j45 

On,343 

Total fioni British Possessions 

(>2 0 )7 

80 2b7 

80,050 

6) )45 

Oo 043 

Total 

32) Ht,0 

J1S,277 

343 123 

37 5 17o 

422 0a7 


Total 





CHAPTEE VI 

NEWS ANB PBINTINflS 

The applications of wood pulp, though large and of first 
rate industrial importance, aie not numerous Its utilisa* 
tion, however, in paper-making is essentially one of great 
infiuence, and in point of fact this industry at the present 
tame dominates the wood pulp market In this country 
there have been several well marked phases of expansion 
of the industry A piomment landmark was the 
repeal of the duties on paper m 1860 By a coincidence 
this mdireot condition of expansion synchronises with 
the introduction of esparto glass to develop lapidly into 
Ein important staple raw material, almost a generation 
m advance of the wood pulp age By the year 1880 the 
importation of esparto had reached 200,000 tons, and it is 
a somewhat remarkable feature of this mdustiy that the 
consumption of esparto has shown no growth fiom this 
figuie 

The wood pulps have been independently developed 
“ Mechanical ’’ wood pulp or ground wood dates back to the 
period 1860—60 The chemical pulps m this country were 
pioneeied by 0 B Ekman in collaboration with George Fry 
in the period 1870 — 80 This early venture was capitalised 
by Thomson, Bonar & Co , and worked at Beigvik, Sweden, 
and Ilfoid, Essex The new industry attracted other pioneer 
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workers, notably E Pai tmgton in this country, and C Kellner 
m Austria, who individually and jointly did much to 
estabhsh the new ordei duiing the following decade It 
requires a little calculation to estimate the growth of the 
industry during this peiiod, 1880 — 90, since the statistics 
of importation, in the Board of Trade returns, are a complex 
letuin including “ Esparto and other Materials ’’ it was 
not until 1888 that the returns of wood pulp importation 
were sepaiately xecorded The growth of the wood pulp 
trade from 1880 to 1888 represents an estimated quantity 
of 100,000 tons, and at this later date the industry had 
become widespread and flimly estabhsherl in Scandinavia^ 
Germany and Ameiica The English importation has 
continued to grow, and the figures for the hist nine yeais 
of the century may be cited — 


The total world’s production of “ chemical pulp ” is fast 
approaching 8,000,000 tons In taking this statistical view of 
the paper industry we may note the figures arrived at by 
Krawany, for paper consumption per head per annum, in 
European countries — 


England 

Kg 

25 3 

Belginm 

Kb, 

11 1 

Buasia 

Kg. 

22 

Sweden 

24 0 

Holland 

10 8 

Greece 

18 

Pinland 

22 S 

Italy 

7 0 

Turkey 

1 8 

Q-ermany 

19 7 

Denmark 

64 

Roumonia 

14 

Norway 

16 3 

Luxembiug 

48 

Bulgaria 

1 3 

Switzerland Ifi 0 

Spam 

44 

Bosnia 

07 

Eranoe 

14 0 

Hungary 

3b 

Servia 

06 

Austria 

11 1 

Fortngal 

34 




Another result of this statistical inquiry is the ascertamed 
annual increMe of the world’s production, which at 6| per 

n2 
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cent 18 nearly double the estimated mciease of othei laige 
manufactures, viz , — S-J per cent These figures are 
taken fiom an in tei eating papei by Di A Elein on 
“ Cellulose, Wood Papei, Aitificial Silk," lecently published 
iChcm Zat , 60, 621—530 (1910)) 

The most significant development m the papei making 
art and industiy founded on -wood pulp is in the pioduction 
of “ news,” and we may take “ News and Piintmgs ” as 
the subject of this ohaptei, and typical, m fact, of the 
mdustiial age we live in 

The enoimous quantities of mechanical and chemical 
pulp manufactuied to dayaie used chiefly in the production 
of "news” and cheap punting papeis 

A modem newspapei contams about 70 per cent of 
mechamcal pulp mixed with 80 pei cent of chemical pulp 
In addition to the fibious constituents the papei will also 
contain about 8 to 10 pei cent of china clay, and a small 
pioportion of rosin size As far as the paper mill is 
concerned, the process of manufacture is almost entirely 
an engineering pioblem, since all the mateiials used aie 
pm chased largely m a completely manufactured state, the 
object being to eliminate chemical processes whenever 
possible 

This 18 only true of paper nulls dependent on outside 
sources foi the supphes of pulp and chemicals, but the 
tendency of modern practice m such mills is to i educe 
the question to one of mixmg certain mgredients and 
gettmg the maxi Trinm output of paper at a minimum 
cost 

At the same time chemistry plays an important part m 
the efficient and econoimoal woikmg of a "news” milk 
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From start to finish every piocess is eontiolled by analysis, 
while impiovements in the quality of thepapei aiegiaclually 
intioduced, either by the use of superior wood pulps, or by 
suggestions that aiise from a careful study of the systematic 
recoids kept 

A general suivey of the operations necessaiy foi the 
pioduotion of this class of papei will show the intimate 
relation between chemistiy and engineeiing in almost any 
industrial piocess 

Powei — The amount of coal consumed averages 18 — 
20 cwt pel ton of finished papei Most of this fuel is 
requiied for motive power, though a certain piopoition 
19 used m drying the paper during manufaetuie The 
steam engine is employed for this in neatly eveiy paper 
mill, but in a few oases gas engines worked fioni gas 
producers have been trred 

The marntenance of an extensive boiler plant on up to- 
date pnncipres demands the control of the coal supplies in 
the matter of weight received, the analysis of same for 
moisture, ash left on combustion, and calorific value , the 
systematic analysis of the waste gases from the boilei flues 
to prevent careless firing of the boilers, and to ensure com- 
plete combustion , the use of suitable water for boiler 
purposes, involving the utilisation of all condensed steam 
and hot water, and the adoption of some efficient piocess 
for softemng any hard water which must be employed m 
addition 

All these operations are controlled by simple methods of 
chemical analysis The theoietioal value of a given coal 
supply having been found by analysis, and expressed m 
terms of the heat units available, it should be possible to 
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determine -what pioportion has been expended m useful 
■work, the particulai stage m the manufactuie of the papei 
at which each piopoition has been utilised, and finally what 
amount has been wasted QuestLons of this kmd are of 
great importance, and involve measuiements of many factois 

ChemicaU — Piom what has been said as to the natuie 
of the operations involved in the manufacture of the modem 
newspapei, it is evident that the number of chemicals 
pioperly so called is not very large Amongst them will 
be found rosm and alkali used for sizing, oi some form of 
prepaied size , china clay used as a loadmg , lime foi 
the water-Boftemng pioeess , alum and sundry colour- 
ing matters and pigments , acid and bleaching powder , 
starch, etc 

Oils and greases required for lubricating purposes, and 
other supplies connected •with economical power, also need 
attention at the hands of the analyst 

Wood PuVp — The exact control of the supphes of pulp 
IS an important part of the duty of the mill chemist The 
determmation of the air dry weight of every consignment 
of pulp IS sometimes regarded as a mechanical and simple 
task, but it IS one of considerable responsibility AH pulps, 
whether delivered m a di7 state or m the moist condition, 
requue to be tested for moisture 

Chemical pulps are tested regularly for quahty, particu- 
larly as to their behaviour with bleach Some pulps are 
very difficult to bleach, and consume a large amount of 
bleachmg powder In many oases where a white pulp is 
required a ready bleached pulp is used, but this plan is not 
economical smoe it is cheaper to treat the jpulp at the 
paper mill than to buy the material already bleached 
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Mechanical pulps i ary in quality and fieedomfiom coaise 
fibre The differences in bulking quahties are very maikecl 
and may be measuied in the laboiatoiy on small samples 
readily 

Papei — The examination of the finished papei fiom the 
machines in legard to its physical piopeities of stiength, 
bulk, finish and sizing is a mattei of loutine in a well- 
oideied mill The testing of contiact samples in lespect 
of actual composition to deteimiue the peicentage of load- 
mg, the piopoitions of mechanical and chemical pulps 
piesent and the existence of othei fibies, as well as the 
usual physical teats mentioned, is a necessity when making 
papei 8 to sample 

Theie aie many items m manufactuie which call foi the 
exeicise of caieful and painstaking reseaicli on the pait of 
the chemist, and when these technical questions are studied 
exhaustively by him undei the noedful eiicouiagement of 
the authoiities, the mformation giadually accumulated is of 
the greatest value The systematic con elation of modifi- 
cations m manufactuie, with the impiovemeuts m the 
finished papei bypioper classified lecoids which can always 
be lefeired to, is peihaps one of the most impoitant pomts, 
but one which is almost neglected in the aveiago mdl 

Impeovbmbnts nst the Manufacture op Ohbap Newspaper 

During the last twenty five years great piogiess has been 
made in the pioduction of common papei from wood pulps 
The contrast between the old and new methods is best 
illustiated by lefeience to the output of a machine 

"When wood pulp was fiist used there weie few machmes 
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capable of making a sheet of papei moie than 120 inches 
■wide at a speed of 200 to 250 feet pei mmute, with an 
aveiage piodnotion of 60 tons pei week To day the 
modem machine Mill pioduce a sheet of papei 170 inches 
wide at a speed of 500 feet per mmute, with an output of 
neaily 45 tons pei day 

PiLimiation oj the Beatm Pulp — The piopei piopoitions 
of mechanical and charaical pulp aie fiist disintegiated by 
treatment in large potcheia oi special maclnneiy, being 
mixed with a suitable quantity of watei, or geneially with 
waste wateis fiom the papei machme Themixtuieisthen 
tiansfeiied to a beating engine capable of holding sufficient 
wet material to produce one ton oi moie of diy paper, and 
beaten foi about thirty oi forty minutes This is a process 
fai removed fiom that which ob tarns in the treatment of 
lag, when the beating engine giving the best results is only 
capable of holdmg wet stuff equivalent to 1 to 2 owt of dry 
pulp, and the operation is only completed after eight or 
nine homa 

To the mixture in the engine about 10 per cent of china 
clay calculated on the diy weight of pulp is added Eosin 
size to the extent of 1 or 2 pei cent is then thoioughly 
incoipoiated, and alum added to precipitate the size which 
adheres to the fibres The jiulp is suitably dyed to the 
desned colour by means of pigments or soluble aniline 
colouis 

The subject of the beating of pulp is one of great techmcal 
importance, since the quality and ehaiactenstics of a paper 
are easily altered by modifications in the process of beatmg 
In an elementary treatise of this kind it is impossible to 
enter fully mto the question, and only a bnef indication 
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can be given of the vaiiations which are obtained as a matter 
of daily loutiue 

The mam object of the beating piocess is the proper 
isolaiioii and leduction of the individual hbies aftei the law 
mateiinl has been sufficiently boiled and bleached There 
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aie many types of machines available foi the puipose, but 
all constructed on the same piinciple, namely, the ciicu- 
lation of the mass of pulp and watei in a nariow tiough 
provided with a revolving heatei loll which, as it rotates 
acts upon the mass diawn between the knives of the roll 
and a set of knives fixed on the bottom of the tiough 
The geneial construction of an oidinaiy “Hollander” 
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beater la shown m the diagram The engme consists of an 
oval shaped vessel divided into two channels by a “ mid- 
feather ” or partition fixed along the centre of the vessel, 
but not extendmg completely to the ends In this way the 
oval vessel is divided into two channels An adjustable 
beater roll, which is a aohd oyhndiical dium fitted with 
hnives piojectmg fiom its suiface, lotates in one of the 
channels and levolves above a set of knivos projecting fiom 
the bottom of the tiough The engme is filled with the re- 
quired amount of pulp and water, and by the rapid rotation 
of the beater roll the mixture is constantly oiioulated round 
the troughs of the engine and passes oontmuonsly between 
the knives on the beatei roll and those which are stationary 
The fibres are thus completely sepaiated and gradually 
reduced 

The varied effects produced in beating wood pulps may 
be illustrated by one or two examples Thus, if soda pulp 
18 beaten quickly with sharp knives, the beater loll being 
close down on to the stationary louves, then a soft spongy 
paper lesembhng blottings is produced If on the other 
hand, a strong sulphite pulp is beaten slowly for a long 
time — eight oi nine houis — the knives bemg blunt, and the 
beater roll being lowered gradually durmg the process, then 
a close dense sheet of paper, strong and resembling 
parchment, is obtained In the latter case the cunous 
assimilation of water by the fibre takes place, with a 
production of an imitataon paichment paper 

Probably the beating opeiation is the most impoitant in 
the various stages of the manufacture of paper, on account 
of the great variations which are possible by altering the 
conditions under which the pulp is beaten 
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It 18 cuatomaiy in mills wheie the ordinaiy type of 
“ Hollander ” is used to pass the beaten stuff thiough a 
refinei, whereby the fibres, which are more oi less intei 
locked by the beating, aie blushed out The types of 
refiners mostly used in this oountiy aie the “ Maishall ” 
and the “ Joidan ” 

The Foni dnmei Papci Machine — The pulp aftei beating 
19 ready for conversion into papei It is dischaiged fiom 
the beating oi refining engines into large reseivoiis oi stuff 
chests, of which theie aie two to each paper machme The 
contents of one chest are supplied to the machine while 
the second is being filled fiom the beaters, so that the pulp 
IS uniform and ensures the mauufactuie of a legulai sheet 
of even weight and thickness 

The pulp flows thiough a number of stiamers which 
seive to letam any coaise pieces of palp and other impuiities 
For the fast-running news machine the strainer is a hollow 
circular dium, the shell of which consists of a series of 
curved brass plates bolted together, each scored with fine 
shts The drums i evolve slowly and aie kept in a state of 
violent agitation, so that the fine pulp passes thiough the 
slits and the coarse material is returned The mixture of 
pulp and watei flows in a continuous stream on to the 
surface of an endless “ wue ” This consists of a wide band 
of wire gauze stretched horizontally over two rolls, known 
technically as the “breast roll” and “couch roll” The 
stream of pulp is carried forward at a rapid pace, the water 
finding its way thiough the meshes of the wiie, and the 
fibres settle down on the surface of the wiie cloth inter lacmg 
or “ felting ” with one another Further quantities of 
water are removed from the pulp by vacuum straineis or 



188 


WOOD PULP AND ITS USES 


boxes fixed under the wne neai the couch roll, and the 
“ web” of paper then passes between the couch rolls which 
compiess the fibres, lemove a ceitain proportion of watei, 
and give fiimness to the sheet of wet papei 

The most recent innovations which have been intioduced 
to facilitate an mcieased output of papei and at the same 
time an impiovement in the strength of the sheet, have for 
their object devices foi mcieasing the speed of the papei 
machine Amongst these may be mentioned the “ Eibel ” 
method of manipulatmg the machine wiie XJndei this 
system the wiie cloth upon which the pulp flows is inclined 
at a considerable angle fiom the bieast loll to the couch 
roll so that the material flows dovmhill, so to speak By 
this simple device it is possible to obtain a rapid flow of a 
veiy dilute mixtuie of pulp containing laige quantities of 
watei, which lattei is easily removed owing to the slope of the 
wne cloth Another improvement is the substitution of a 
vacuum couch roll in place of the ordmaiy solid roll hitherto 
employed, thus obviating the use of a top couch roll The 
wet sheet of papei passes ovei a large loU, pait of the 
surface of which as it revolves is submitted to the action 
of a poweiful vacuum, so that the excess of water is 
removed fiom the wet sheet of paper The fibres are felted 
together and the life of the wire cloth is prolonged The 
web leaving the couch rolls is drawn through two or more 
sets of press rolls, which serve to compiess the fibres mto 
a firm adherent sheet 

The wet sheet of paper then passes over a number of 
drymg oyhnders, which are heated mternally witli steam 
In the earher machmes eighteen to twenty such cylmders 
amply provided aU the drymg surface necessary, but m the 
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modem papei machine thirty two to thiity six cylmdeis are 
required to dry the paper completely, owing to the largely 
mci eased output 

The drying of the paper is an important item, because it 
IS desuable to diy the paper as slowly as possible at a com- 
paiatively low temperatuie When the number of cjhndeis 
IS hunted, a much higher temperature is necessary to ensure 
complete diying of the paper, but in such cose, while the 
output of finished paper can be maintained, the strength of 
the sheet is seriously diminished 

The paper is aflerwaids passed through calenders m oidei 
that a surface or finish may be impaited to it The 
ordinary calenders fixed at the end of a machme used for 
the manufacture of news consist of a number of highly 
polished chilled lolls, and the paper in passing ovei and 
under these rolls is further compressed and at the same 
time glazed 

No further process is necessary for ordinary news, but the 
reels of paper produced at the end of the machme aie re- 
reeled and cut mto the requued lengths and sizes. 
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WOOD PDU? BOAEDS 

Large quantities of mechanical wood pulp aie used for 
the manufaotuie of pulp boards which have many industrial 
uses such as foi boxes, packing cases, caids, calendars, 
advertisement goods, picnic dishes and a variety of Hiymlar 
articles 

In some cases the pulp is mixed with strongei fibrous 
matenal such as jute, hemp, and chemical wood pulp, 
particularly for boxes of high quality which are required 
to withstand rough usage The heavy stout boards 
frequently used for railway carriage panels are made fiom 
the best materials and by hand or manual process, the 
sheets bemg produced on moulds similai to those employed 
m the manufacture of hand-made papers 

The cheapest qualities of thm boards, of which an 
ordinary tram cai ticket is a typical example, are produced 
on the continuous-board machine, which in general 
construction lesembles the ordinary Eourdrinier or paper 
machme 

For certain grades of pulp boards which cannot be made 
on the contmuous-board machine, on account of the 
thickness, a simpler form known as the single-board 
machine is used 

Ths chief advantage of a wood-pulp board as contrasted 
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With the common atrawboard, which it has superseded to 
a large extent, aie to be found m its more attractive 
appearance, its cleanliness, and above all its bulk, being 
thick and of light weight Moreover it has less tendency 
to crack when folded or bent, and when covered with 
coloured paper, the colour does not fade as fiequently 
happens with strawboarda which have not been carefully 
made The traces of alkali often piesent in common stiaw- 
board pioduce a decided fading of some aniline dyes 
Single board Machine — Mechanical wood-pulp boaids 
of any desired thickness are produced m sheets of definite 
size on this machine It differs veiy little fiom the wet 
press used m the manufacture of wood pulp itself, and only 
a brief note of its construction need be given 
The pulp mixed with the lequisite volume of water is 
passed over strainers which remove coarse chips, and 
pumped continuously into a laige wooden vat, containing a 
hollow oyhndncal drum revolving at a slow late 
The suiface of the drum consists of fine wire gauze, 
and as the dium revolves, the pulp adhcies to the suifoce 
in a regular and uniform layer or skin, while the water 
passes freely through the meshes of the wire The layer 
of pulp comes mto contact, as it passes out of the water, 
with a travelling felt, and adhering to this, is earned away 
from the vat and drawn between two heavy rollers, which 
squeeze out the excess moisture As the thin sheet of pulp 
is wound up on the upper rollei, it forms a sheet of 
mechanical pulp which gradually increases m thickness, 
and when the desired thickness has been reached the 
sheet IB immediately cut away horn the roller and put 
aside. The travelhng felt passes round the lower roller 
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and back to the vat containing the mixtnie of pulp and 
•watei 

The process is continuous, and the sheets obtained are 
then submitted to piessuie, thick felts being inteiposed 
between the sheets of pulp so that the watei diains away 
completely The material in this condition then contains 
about 60 pel cent of diy pulp and 60 pei cent moisture 
The sheets are dried, glazed, and cut to anj leqiined size, 
the hiial thickness of the boards being determined by the 
pressure aiiplied during the 23roceBS of glazing 

Contimiom-hoai (I Machine — This is a combination of 
the single-board machine and the ordinary paper making 
machine, and is used for making “ duiilex” and “triplex'* 
jiapeia The beaten pulp is formed into thin sheets in 
two or more vats, and these sheets are brought together 
between rollers so as to pioduce one sheet of the required 
thickness The board then passes over a large number of 
steam -heated cylinders, and completely dried The dry 
board is also glazed and finished by calenders fixed at the 
end of the machine, and finally out up into sheets 

No further operations are necessary, the finished board 
being manufactured and completed by the one machine, 
the processes following one another automatically 

Machines of this kmd are frequently fitted with more 
than two vats, and m each eases some of the vats aie filled 
with common waste material, while two are filled with a 
high-class well-bleached pulp In this way, a good board 
can be produced cheaply, consisting of a low grade middle, 
covered on either side with a paper of good quahty 
The colour of the outer surfaces of the board can be 
vaned 
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BoX'MiKINQ 

The great demand for boxee as a convenient snbstitute 
for blown papei in the wrapping and packing up of goods 
has resulted in the cieation of an important industry 

Raw MateiiaU — The boxes are manufactured fiom stiaw 
boaids, wood-pulp boaids, and “leather” boaids The 
natuie of the composition of the law material may geneially 
be gathered from the desciiptions apphed, though the teim 
“ leather boards ” is somewhat misleading Many of the 
so called boards are made from vaiious lands of specially 
prepaied wood pulp, but in some cases a small piopoitiou 
of leather clippings is incorporated with vegetable fibres by 
suitable treatment 

The cheap flimsy folding boxes used for wrapping medicine 
bottles and similar temporary purposes aie made from 
common board which contams little more than waste 
paper The boards aie brittle and do not stand much 
folding The leather boards, on the othei hand, aie 
wonderfully strong and tough, capable of being bent and 
twisted into all kinds of shapes 

Classification —Tbe different kinds of boxes made in 
large quantities from the raw mateiials described may be 
classified as follows — 

(1 ) Plain square-shaped boxes, with comeis pasted, and 
finished off with plam or ornamental paper 

(2 ) Square shaped boxes, comers wire stitched 

(8 ) Square shaped boxes, with metal-edged corners 

(4 ) Polding boxes 

(6 ) Bound boxes, made up or stamped 

(6 ) Tubes and small oylmdiuoal cases. 
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Plain Boaid Boxes — The boards aie first cut into 
convenient sizes, on an ordmaiy cutting table woiked by 
hand, oi m a lotaiy millboaid cutting machine woiLed by 
powei In the lotary machine a laige boaid can be cut 
up into a number of strips of the lequiied length by means 
of ciicular knives fitted on to the shaft of the machine, 
which knives can be adjusted to any desiied degiee of 
accuracy The strips obtamed from the cutter aie 
afteiwaids reduced to the lequiied width 
The square pieces of boaid aie next scot eel, that is to 
say, slight cuts are made on the boaid where the sides are 
bent up to form a box If the pieces of boaid aie not 
scored in this way they crack and bieak when bent into the 
foim of a box Machines are also employed m which the 
cutting and scoiing are carried out simultaneously 
Aftei the boards have been scored the corners are out 
out by simple stamping machines and the box at once 
made up The operatoi bends ovei two edges of the board 
to form a light angle, and places the comer thus formed in 
a stamping pi ess which pi esses down a small piece of 
gummed paper of the proper length round the corner 
fastening the two edges together This operataon is i epeated 
four times m the making of the boxes The lid of the box 
IS manufactured in a similar manner, due allowance being 
made m the Cutting of the board m order to obtain a well- 
fitting hd 

The boxes are left plam, or finished off with printed 
labels and ornamental paper 

The oovermg of boxes with ornamental paper is h simple 
piocesB, the venations bemg not so much m the methods 
employed as in the materials used Moat of the boxes used 



WOOD PULP BOAEDS 


195 


by drapeiB are geneially oovaied with a flint glazed box 
paper, tbe edges of the boxes being finished off mth 
colouied papei of a similai chaiactei The edges of the 
boxes are fiist coveied with thin stiips of papei eithei by 
hand oi bv machineiy, the top and sides of the box being 
afterwards coveied with the white glazed paper in such 
a manner as to leave the colouied edges of the box 
exposed 

Boxes pioduced in this way in laige quantities aie finished 
by means of a “banding” machine in which a leel of 
glazed papei is gummed on one side and diawn on to the 
box which IS automatically turned four times by the 
machine and thus coveied 

Wire-shtchecl Boxes — The board used for this class of 
box IS out mto requiied sizes and either scored oi dented 
In the lattei case the boaid is passed through a denting 
machine which stamps a slight depiession along the hne 
which IB to foim the corner of the box 

The ends of the board ore then slotted so that the box 
can be produced by bemg turned up mto shape along the 
hnes foimed by the denting machine The ends are then 
fastened together by the mi e stitching, m which process 
small pieces of wue are forced through the ends of the 
box and chnched 

Metal-edged Boxes aie geneially manufactmed fiom 
good mateiial, such as leather boards, because they are 
mtended for constant use The boaids aie usually grooved 
along the bendmg hne, either with a square groove or with 
a deep V shaped groove, the latter being prefer red as giving 
the box a neater finish at the corners uhen completed 
The edges of the box and the joints are finished off with 
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metal edging winch eonsista of a thm strip of metal stamped 
out and provided with sharp projecting points When this 
strip IS foiced into position the piojections pass through 
the board and being turned up by the machine aie firmly 
olmohed The boxes made by tins process are very strong 
and present an attractive appearance 

Folding Caaee — The cheap common cases used for 
packing eggs, patent medremes, and similai articles of 
domestic use aie stamped out fiom thm cardboard by 
machinery The general shape and outlme of the boxes 
havmg been calculated, a metal forme or template is 
prepared, by means of which the outlme of the box can be 
stamped out 

The forme resembles m pimciple that used by a printer, 
but metead of raised type, strips of brass are used and also 
pieces of hardened steel When the thm board is placed 
on the foiune and submitted to pressure, the brass strips 
mdent the board along the lines which are to form the 
edges of the box, and the steel kmves cut out the portions 
of the board which are not required The two edges which 
overlap to form one side of the box are fastened together 
with wire stitching or with glue. In this condition 
the box can be folded flat, and when leqmred for use 
it can be opened up and put together as a box very 
quickly 

Postal Tubes, ate— The many varieties of cylindrical 
boxes made for postal work, the packmg of gas mantles, 
phonograph reOords, carbon paper, blue prmt and photo- 
graphic papers, and similar pui'poses, are made by covermg 
one side of a board with glue or some adhesive matenal, 
end roltmg the board up into the form of a tube on an 
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iron rolloi, the diameter of which vanes aocoiding to the 
size of the boie of the tube 

Foi shoit boxes the long tubes aie cut up into stated 
lengths The caps for these tubes aie stamped oi pressed 
out of circular discs of flexible leather board The whole 
operation is exceedmgly simple and does not requue any 
elaborate explanation 



CHAPTER VIII 

THB PTUJaATTON OF WOOD WAaiB 

Vahiods methods of utilismg wood refuse are in practice, 
chiefly based on chemical pioeesses The only commeicial 
application of waste wood based on a simple mechanical 
tieatment, and now an extensive mdustry, is the manufacture 
of wood wool 

Wood Wool — This is an elastic material much used for 
stuffing cushions and mattresses , for packing glass, haid 
waie, and fragile goods , for faltration, and many other 
pui-poses of diverse character It is very hght and bulky, 
not easily reduced in volume when wetted, and is thus 
emmently suited to these and similar uses 

Any Small odds and ends of wood from caipentermg and 
cabinet workshops up to 14 or 16 mohes long can be 
utihsed 

Special maohineiy has been devised for oonvertmg pieces 
of wood of all shapes and sizes into shavings of desired 
thickness The pieces of wood are fed to the machine by 
hand They aie seized by rollers which cairy the wood 
forward automatically, bringmg them under planing irons 
and also m contact with pointed knives, the thickness of 
the shaving bemg determined by the setting of the plane 
irons and the width of the shavmg bemg fixed by the 
position of the knives which produce cuts m the wood parallel 
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to the lengh One machine is capable of pioducing 6 to 12 
cwt of wood wool in tnehe horns 

Smvdust — ^Laige quantities of sawdust aie pioduced in 
many industries, and the profitable utilisation of this waste 
mateiial depends laigely upon the quantity peiiodically 
available When the amount is small, it is best utilised as 
an oidmaiy paclnng mateiial, but foi this theie can only 
be a limited demand Borne idea of the vaiied uses of saw 
dust may be gatheied from the following biief desciiption 
of the methods in use 

Sawdust thoroughly mixed with common losin is con- 
verted into fiie-lighteis 

Mixed with highly concentiated artificial manures, it 
selves as a medium for maniuial jmiposes The sawdust 
itself has no value as a fertilisei, but it has a capacity of 
absorbing and letaining liquids Occasionally the sawdusn 
18 fiist converted into chaicoal 

Sawdust has also been employed as the source of the 
carbon in calcium oaibide The sawdust is first conveited 
into charcoal, which is mixed with limestone, and the 
mixture heated for several hours in an electric furnace 
In limited quantities, sawdust is also conveited into 
paper pulp, but the flbie is exceedingly short and of little 
value, and it is difiicult to obtain an evenly boiled material 
owing to the difliculty of mamtaming a propei circulation of 
the caustic soda, lye, oi othei reagent m the digestoi 
Sawdust IS also mixed with the eoucentrated waste 
liquoia fiom the sulphite wood pulp manufactoiies, and 
then converted into biiquettes These briquettes can be 
used as fuel oi submitted to distillation foi the manufaotuie 
of wood spurt, acetic acid, and charcoal 
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Producer Gas ft am Wood — ^An in tei eating application of 
the use of waste wood is to be found m the generation of 
“ power gas ” In Eiohe’s gas pioducei the wood is heated 
m two suitable retoits, one of which is used for the distilla- 
tion of the wood, and the second for the decomposition of 
the gases obtamed by the distillation of the wood in the 
£rst letoit The combustion is hist started m the second 
or reducing retort When the heat has been raised to the 
proper extent, the distillation is commenced m the fiist 
letoit The chaicoal pioduced is withdrawn periodically 
fiom the bottom of the flist retort and thrown into the 
reducmg letort The distilled gases fiom the first retoit 
aie passed through the heated charcoal placed in the 
second, and subsequently into the gas holder The gas 
pioduced has a heating value of about 840 B T U per cubic 
foot, the quantity of gas pei 100 hilos of wood being 100 
cubic metres, or about 16 cubic feet of gas pei pound of 
wood 

Bonkm ^ states that about 100 small plants of this type 
have been erected in France and some of the French colonies 
An interesting example is to be found m Madagascar, where 
gas obtained m this way is utihsed in two gas engines of 
16 and 8 h p respectively for the manufacture of artificial 
ice, the cost of the motive power bemg one-third of that 
obtained by usual methods 

Oxalic Acid — Sawdust and other forms of wood waste 
yield oxaho acid when treated with caustic soda Forty 
parts of sawdust are mixed with strong caustic soda of 
specific gravity 1 86, and heated in shallow pans until the 
temperature rises to 220—240° C The product contains 
1 “ CFas and Oil Engmea ” B Donkin 
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carbonate of soda and sodium oxalate This is dissolved 
completely m boiling water, and the strength of the solution 
carefully legulated, so that on cooling, the sodium oxalate 
crystallises out The mixture is then treated in the hydro 
extractor to remove the liquid 

The crystals of sodium oxalate are dissolved and treated 
with milk of lime, and thereby converted into calcium 
oxalate The lattei pioduct is piecipitated, sepaiated from 
the liquor by filtration oi any suitable means, and repeatedly 
washed with water 

The calcium oxalate is then decomposed by treatment in 
a lead lined vessel, with strong sulphurrc acid, the whole 
mixture being heated with steam, and maintained at the 
boiling point for some time The oxalate is decomposed, 
giving, after treatment with the sulphuue acid, a precipitate 
of calcium sulphate and a solution of oxalic acid The 
precipitated calcium sulphate is removed, and the solution 
carefully evapoiated for the pioduction of crystallised 
oxalic acid 

The amount of oxalic acid obtained may be varied 
according to the method of heating Thus the percentage 
yield IS increased by using potassium hydrate as well as 
sodium hydrate, and also by heating the mateiial m thin 
layers The yield of oxalic acid from vaiious woods is as 
follows — 


Spruce 

6i1 

Poplar 

1)3 0 

Beech 

86 3 

Oak 

Sir 
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The DESTnnoTivB DisTtLiiAiioN of Wood 

When wood is burnt under conditions which lestiict the 
supply of au, or heated in closed retoits, it passes through 
a piocess of destructive distillation with the pi eduction of 
cei tain valuable commeicial substances 

The combustion of wood in a confined space was lesoited 
to m eaily days foi the manufacture of charcoal simply, 
and laige quantities of this chaicoal are pioduced even 
to day by the primitive method of stackmg wood, coveiing 
it with earth and setting fiie to the wood at the bottom of 
the pile The only substance obtained was the charcoal 
left when the process was completed, but about 1812 the 
discovery of the presence of wood spirit and acetic acid m 
the vapouis given off, led to a closei study of the chemical 
changes talimg place 

The pioducts of distillation are chiefly acetic acid, wood 
spiiit (methyl alcohol) tar, gases and charcoal By slow 
distillation at a low tempeiature a maximum yield of acetic 
acid and tai is obtained The gas given off during the 
opeiation, a mixtuie of caibon dioxide and caibon mon- 
oxide, 18 utihsed by passing it through the furnace employed 
m heating the letorts The carbon dioxide is reduced to 
monoxide, a combustible gas which gives off its available 
heat m the furnace 

By rapid distillation at a high temper atuie, the volatile 
pioducts aie decomposed giving a greater yield of gas and 
a smallei propoition of acetic acid 

The effect of the method of heatmg is shown m the 
following table taken from Fischer’s Chemical Technology 
In the sloib distillation process, the wood was heated slowly 
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lor SIX horns, starting i\ith coid letoits, while m the/ast 
distillation the wood was placed at once in heated letoits 
and tieated for thiee houis 


Porcpiitago ) iold of dintillation protlut ts 


Wood 

Totfil 

dlBtlllato 

Tar 

2 

III 

n 

% purfl 
flcotio 
acid 

Do 

o)miroa1 

1 

Buch — 







slow 

ai 03 

0 46 

4t o9 

3 03 

29 04 


fast 

12 08 

3 24 

39 71 

4 43 

2140 

35 oO 

Beech — 







slow 

51 05 

0 85 

4.80 

6 21 

20 00 

21 0(. 

fast 

44 33 

4 90 

39 46 

3 SO 

21 90 

33 7. 

Oak — 







slow 

48 lo 

!70 

414) 

4 08 

34 (.8 

17 17 

fast 

lo 24 

3 20 

42 04 

3 44 

27 73 

27 03 

Lai oh — 







slow 

ol 01 

9 iO 

42 31 

2 09 

20 71 

21 Ot 

fast 

43 7" 

0 68 

38 19 

2 00 

24 00 

32 17 

Spruce — 







slow 

40 92 

6 93 


2 30 

3130 

18 78 

fast 

40 do 

0 20 

40 Ij 

1 78 

24 21 

20 11 


In piactice the distillation of wood is cniiied out with 
due regard to the natiue and quantity of the desiied pioduets, 
and the method of tieatment waned accordingly 
Steam Distillation — With june and woods iich in 
turpentine oils the mateiial previously reduced to the 
condition of small chips is heated by means of steam in 
closed vessels at a pressure of 40 lbs , and the oils distilled 
off by the steam 

This process is usefully employed in the pulp mill, since 
the manufactme of papei pulp from pine wood can be con- 
ducted in such a way as to ensme the extiaction of the 
turpentme from the digesters and the subsequent conversion 
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of the wood into pulp The soda piocesa of papei mahing 
IS easily adapted, for the oidmary steam piessure is sufficient 
to drive off all the volatile oils, and most of the lesmous 
matters aie converted mto soluble soda compounds 
Dry Desii-uciive Distillation — The products obtamed from 
different woods as determined by the Bureau of Chemistry, 
Waahmgton, aie shown in the following table — 


A^ ortiffc ytald iwr cord of wood (128 cublo feeb piled woofl) 


Hard woedR 

BofllnoiiR 

woodH 

Hard wood 
HKwdnst. 

Charcoal (bviahels) 

46 

30 

30 

Crude wood spmt oontoimng 




acetone (mUods) 

Acetate of lime (lbs ) 

10 

76 

3 

120 

3 

60 

Tar (gallons) 

Wood oil (gaHons) 

16 

46 

45 

— 

Turpentine (gaHons) 


10 



In the slow distillation piocess, a maximum yield of sohd 
product IB aimed at, with a minimum quantity of gas 
Harper gives the results of a test on dry yellow pme — 


Tleld per cord olr dry 


Golluna 

Ibfl 

% 

Turpentine 

18 64 

134 20 

3 679 

Wood oil 

11 09 

86 60 

2 371 

Tar 

96 0 

846 72 

23 216 

Acad 


830 49 

22 771 

Coke 

— 

14 74 

404 

Charcoal 

— 

706 00 

21 826 

YeUow oil and pitch 

0 78 

67 02 

1663 

Cos and Loss 

— 

881 33 




3,047 0 

100 OOQ 
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Witli the rapid distillation method, a maximum yie’d of 
gas IS obtained, and in this case the process is utilised for 
the manufacture of illuminating gas oi foi power gas All 
kinds of waste wood mateiial suoh as sawdust aie tamed 
to good account in this way 



CHAPTEB IX 

TESTING OF WOOD PULP FOB MOI3TDBB 

In the selling and baying of wood pulps the question of 
associated moisture is of obvious impoitance, regulated by 
convention and by standards, rt requrres to be controlled 
by actual tests The mechanical wood pulps are generally 
shipped from the mills in the foim of bales containmg 
moist pulp on the basis of 60 per cent air dry pulp The 
chemical pulps are shipped usually m bales containing the 
air-diy pulp 

Disputes frequently arise as to the exact air-dry weight of 
pulp received, the chemical pulps frequently containmg 
moisture ih excess of the standard, and the mechanical 
pulp also oontaming a larger amount of moisture than 60 
per cent 

No satisfactory standard method has yet been found for 
the sampling and testmg of wood pulp When the freshly 
made bales are shipped fiom the pulp mill so that the 
whole of the sheets m the bale are uniform, then it la 
eomparatively easy to take samples ffom the bale which 
shall fairly represent the pulp If, however, the distribu- 
tion of moisture m the bale has been altered to any extent, 
either by loss m weight owmg to the drymg of the outer 
sheets and exposed edges of the bale durmg prolonged 
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stoiage, or on the othei hand if the bales have become 
much heaviei by accidental wetting thiough lam or other 
causes, then the sampling is by no means an easy mattei 

Piequently the watei in the bale freezes, and m conse- 
quence of this much of the watei is diawn fiom the inteiioi 
of the sheets and deposits itself as a layei of snow or ice 
between the sheets which he upon one anothei in the 
hale 

The bale vhen opened falls apait most readily just at 
those points wheie the surface of the sheet is covered with 
ice, and it is almost impossible under such oiieimistances 
to take out samples that shall faiily leinesent the whole 
bale Even iihen this ice has thawed out sufiiciently to 
resume the foim of water, it does not distiibute itself 
evenly through the pulp for a very long peiiod 

Genet al Puncijtlcs — A certain proportion of the bales 
which form a consignment aie selected for the test 
Usually 4 pei cent of the numbei of balas aie taken, due 
care being exeicised m the selection so that the bales aie 
sound, in good condition, and do not exhibit any seiious 
deviations m gioss weight 

The selected bales are weighed and sampled The 
samples as cut are immediately put into bottles, or tms, 
which are sealed up and taken to the laboratory where 
they are dried at a tempeiature of 100° C and the peicont- 
age of absolutely diy pulp determined The weight of 
air diy pulp is calculated from this figure on the arbitrary 
basis that 90 parts of absolute dry pulp give 100 parts of 
air-dry pulp 

The analyst gives a certificate m accoi dance with the 
foUowmg schedule — 
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Wood Pulp Moisture Clhtifioate 


(Foim adopted by the British Wood Pulp Association ) 


This is to Certify that I have tested for moistuie a 


parcel of 

Pulp, said to consist of bales, maiked 

lying at 

The samples were diawn by me on 

Balaa. T. Owt (Jre. Lhi 

Total gross weight of bales samiiled (uitaet) 
nvmhejt and detailed weight* see beluio ) 


Weight of Parcels calculated from above 
Percentage of absolutely dry pulp in the 
sample 

,, moisture in the sample 

„ air-dry or moist pulp m the 

paioel on tlie basis of 
90=100 (au-dry) 
45=100 (moist) 

,, excess Moisture, Pibie 

Weight of Pulp to be invoiced 


per cent 


tl 


» 

T Cwt. Qra Lbs. 


NTJMBEES AND DETAILED WEIUHTS OE BALES SAMPLED 


Analyst. 

Difficulties in Sampling — ^In piactice it is found that the 
testing of "Wood pulp for moistuie offers many difficulties. 
The uniformity of the moisture throughout the bale is 
seriously disturbed by the causes already described so that 
not only is it difficult to select leaUy representative bales, 
but the 'woik of cuttmg out samples is also complicated 
VanohB methods are employed for taking out samples of 
pulp, and at present them is no standard method, althotigll 
atteippts liave been madA k> establish a tmiform system 
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It IB scarcely necessary to enter into any prolonged 
discussion as to the merits of the various methods each of 
which are no doubt correct under certain conditions With 
pulp that has not been in stock more than three or four 
weeks any reasonable system would give correct results, but 
the difficulty is to find a system which uould give correct 
results on freshly made pulp and exactly the same results 
on the pulp after having been m stock several months 
Probably the system which finds general favour is that 
known as the “wedge” method, m which it is assumed 
that a uedge having its apex at the centie of the sheet of 
pulp and a base of any desired width at the outer edge of 
the sheet of pulp represents the sheet itself, taking the 
correct proportions of the inner and outer sections of the 
sheet This may be explained by reference to the diagram 
in Fig 23 

Let ABCD represent a sheet of air dry pulp of uniform 
thickness, measuring 24 inches by IS inches, and divided 
mto four equal parts — E, the inside portion, H, the outer 
portion, and P, G, intermediate portions, thus — 

Square inches 

Area E = 12" x 9" = 108 0 

Areas E, P = 16 975" x 12 73" = 216 0 

Areas E, P, G = 20 786" x 16 686" = 824 0 

Areas E, P, G, H = 24" x 18" = 432 0 

Squjii’e inches 

B = 108 
P = 108 
G = 108 
H = 108 


WP 


Total = 482 


V 
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The dimensions of the varions lectangles aie all piopoi- 
tional, that is, the ratio of the length to the bieadth is the 
same m all cases, viz , 24 to 18 
A sample fiom the sheet which shall lepiesent the whole 
IS obtained by taking equal aieas fiom each of the pieces 
E, F, G, H, but in piactical testmg such a couise is 
impossible, as it would necessitate markmg the exact 
position of the “lines of sepaiation” befoie the small 
pieces of equal area could be cut Another alternative 
Avould be to cut a quarter sheet from the whole — an equally 
impracticable scheme But a wedge gives four equal sized 
pieces from the foui areas E, F, G, H 

Let such a wedge havuig a base of, say, 2 mches, be 
diawn as shown m Fig 23 Let Fig 23a represent the 
wedge on an enlarged scale, consisting of the foui areas e,/, 
g, h The area of the whole sheet is 24 inches by 18 mches, 
01 482 square inches, and the areas of the wedge is that of a 
tiiongle whose height is 9 inches and whose base is 2 inches 
The wedge contains a series of triangles, viz , (1) the 
triangle e , (2) tuangle consisting of pieces ef, (3) tnangle 
consistmg of e,J, g , (4) tnangle consisting of pieces cfgh 
By calculatmg the area of each triangle the exact size of the 
separate pieces e,f, g, h is found 
The height and base of each triangle is easily cal- 
culated — 

(1) Base of tnangle e Height of triangle ef 

Base of triangle (efgh) Height of tnangle {efgh) 
Base of o iS 

giving 1 0 inches 


2 


9 



212 


WOOD PULP AOT) ITS USES 


(2) Base of fciiangla ef Height of triangle cf 

Base of tiiangle {ffgh) Height of triangle {efgh) 
Base of ef 6 366 

= giving 1 4144 inches 

2 9 

The othei triangles are treated in a similai mannei and 
the areas leadily calculated 

(Aiea of a triangle = § base X height ) 

Sr^uaie Indies 

Triangle ligfe has area ^(2x9) =9 

„ qfe „ i (1 7816 X 7 7926 = 6 76 

„ fe „ I (1 4144 X 6 365) = 4 60 

„ c „ i (1 X 4 6) = 2 25 

From the above figures the areas of the pieces e,J, g, h, 
aie — 

Square Inches 
e = 226 
f = 225 
g=225 
h= 225 

Hence any sized wedge contams what the pulp maker 
defines as correct pioportions of "mside and outside pulp,” 
at any late mathematically 

Absolute Dry and Air-d/ry Fulp — The exact air dry weight 
of pulp iS calculated on the basis that 100 paits of an dry 
pulp consists of 90 ports absolute diy pulp and 10 paits 
of natural moisture This is an aibitrary figure baaed 
on the assumption that air-dry pulp contains 10 per cent 
of natural moistuie* As a matter of fact the aii-diy 
weight of pulp varies aocoidmg to the conditions of the 
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atmospheie, but foi tiade purposes the aibitiaiy figure 
selected is convenient 

In 1896 Sindall made some experiments -with a view 
of determining the influence of the atmospheric moisture 
upon the weight of wood pulp Numerous samiiles were 
exposed to ordinary atmospheric conditions for nearly two 
years, the samples of pulp being weighed two or three times 
a week and the relative humidity of the an being also noted 
The following table was compiled as the result of these 
expeiiments, showing the aii-dry weight of the exposed 
pulps, the actual absolute diy weight of pulp being 88 ports 
in each case 


Showing the Yaiuation oe the ■Weioiit oe Pul? due to 
IfoisainiE IN lilt Am 


Relath 0 TTuniidity 

n 

Sleclianlcal 1 ulp 

Hnlpliuto itnil &oda 

1 nip 

7 ulp 


A\ 

Avnnitte 


314 

99 OJ 

9o 08 


fiO 00 

100 04 

90 42 


05 JO 

100 42 

06 91 


77 20 

102 24 

98 60 


80 13 

102 11 

08 21 

99 (0 

82 10 

102 78 

98 41 

99 74 

82 70 

102 58 

98 70 

99 09 

82 00 

102 84 

98 78 

99 80 

83 20 

103 10 

98 Ob 

100 jO 

83 00 

103 17 

98 98 

100 61 

8u 10 

U)j81 

94 42 

100 60 

86 60 

105 13 

100 41 

101 63 

87 oO 

104 o5 

09 02 

101 04 

88 24 

10104 

100 2 J 

100 9 i 

89 10 

104 03 

100 02 

101 11 

90 00 

103 40 

100 70 

101 WO 

93 00 

100 82 

102 40 

10 1 76 


The exact relation between the humidity of the air 
and the an dry weight of wood pulp as determined 
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by these expeiiments may be expi eased in the following 
way — 

If the numbeia lepiesenting humidity form a senes in 
aaithmetical piogieasion, then the weight of wood pulp 
conesponding to those numbeis produces a senes of figuiea 
m geometncal piogiession, thus — 

Humidity = H, H + d, H + 2d, H + 3d, H + 4d, 
Weight = W, Wi, Wr®, Wi^, Wr^ 

Where d = 5, r = 1 28 

If the results given m the table are plotted m the foim 
of a curve, it is possible to correct the errors of obseivation 
and determine the air dry weight of pulp foi every 6 degrees 
difference in the humidity of the air 


Bnownfo the Vaiuation of the Weight oe Prop eok each 

6 DEGBEES INCHEAflE IN THE HUMIDITY OF THE AlE 


“1 

Rolative 

Alwli 7 Weight of Polp 

ATemgB 


Humidity 

H. 

UeulumlcaL 

Sulphatoand 

Soda. 

Bulpblte. 

difference 
for 6« H. 

Oonatobt I!, 

60 

98 96 

96 90 

96 36 

0 26 

■H 

6o 

99 60 

96 10 

96 60 

0 33 


60 

99 70 

90 36 

96 96 

0 42 


66 

100 20 

96 66 

97 40 

0 62 

124 

70 

100 80 

97 06 

97 95 

0 68 

130 

75 

101 60 

97 80 

98 66 

0 82 

130 

bO 

102 60 

98 80 

99 60 

113 

136 

86 

108 76 

99 86 

100 60 

162 

134 

90 

106 26 

100 80 

102 20 


Meaii=l‘28 













CHAPTER X 

WOOD PULP AND THL TEXTILE INDEBTRIBS 

The cellnlosea and compound celluloses aie produced m 
definite and ehaiflcfcaiistic sbiuctmal forms, and only in such 
foim By oliemioal processes such as described in Cliaptei II , 
we may conveit the onginal structmal celluloses into its 
amoiphoua or stiuetureless foims by way of solutions of 
deiivative compounds It is cleai, however, that questions 
of foim and dimensions undeilie eveiy technical pioblem 
involved in the apphcations of cellulose 

The following are the dimensions of the moie impoitant 
celluloses, oonsideied as ultimate fibies 


1 

^Cotton 

Longtli of Fibro 
20—10 

mm 

DlamctcT 

1 

Pine textiles. j 

iPlox 

1 Shea 

25—30 

60-200 

»} 

1 > 

0 015-0 031 
0 030—0 070 


l,Homp 

15—25 

fi 

0 Olfa— 0 050 

j 

^ Jute 

15-4 0 

)> 

0 020—0 026 

Coarse textiles 

1 Sisal 

1 0— SO 

a 

0 015—0 026 

and Eope-mnking 

1 Phonmum 

6 0-15 0 

M 

0 010—0 020 

Pmewood f Traoheids) 1 0 — liO 0 

1 

0 015—0 020 

Paper-making Esparto 

0 5—3 0 

)> 

0 010—0 018 


It IS somewhat lemarkable that the most impoitant 
cellulose, cotton, occurs and is mdustrially woiked as an 
ultimate fibie or stiuctural unit 
Incidentally, it is worthy of mention that cotton is a seed 
hair, and m physiological function theiefoie, bemg con- 
cerned with a usually perishable tissue, it is not a pi ion 
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associated with peimanenee On the same grounds and 
foi the contiaiy leason we should expect to find in the 
wood substances which have long continuing oi peiennial 
functions, a chemical constitution implying superior 
stability The paiadox, howevei, holds that cotton is our 
type of chemically balanced cellulose and of a highei oidei 
of stability than the wood celluloses 

To complete this point we must lefei the leadei to the 
pievious section, which deals with the conditions of pei- 
manence of the ligno-celluloses which aie natural compound 
foims We have to remember also that a wood cellulose is 
a leaidue always of chemical processes 

As regards stiuctme the woods aie highly complex, 
whereas most of the textile fibres mentioned above are 
either bast fibres (bundles) or fibre vascular bundles In 
the former case, as m flax, rhea, and hemp, the bundle is 
simple It is more complex m the case of ]ute (see 
Chap I), and still more complex in the fibre vascular 
bundles of monocotyledons 

Esparto is a heteiogeneous aggregate as m the case of 
the woods 

In the more complex stiuctuies the celluloses are 
associated with various Chemical groups (compound cellu- 
loses), which are attacked and removed by the various tieat 
ments of hydrolysis and oxidation by which the celluloses 
are isolated For our present purpose we are concerned 
only with the celluloses m the form of ultimate fibres 
These are the unit elements of structure of the yarns and 
threads which are the basis of textile fabrics The 
mechamcal properties of these, as well as the processes by 
which they are mechanically prepared and ultimately spun* 
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aie obviously deteimmed by thou simplei elements of form — 
that IS, their dimensions 

The mechanical piineiples involved in the pioduction of 
fine textile yams fiom these discontinuous units, are fiist, 
the 1 eduction of these to a common untwisted slivei, in 
which they aie paiallelised, secondly, the drawing and 
twisting of the fibres composmg the shvei m contmuous 
length 

The tensile piopeities of the lesulting yarn depend mainly 
upon the twist, paitly upon the adhesion of the moie oi less 
closely spun fibres 

Theie aie numeioiis variations of the piocess, such as the 
wet spinning applied to bast flbies and notably fla\, the 
passage of the shvei through a bath of waim watei facili- 
tating the ultimate subdivision of the bundles of filnes 
in the final drawing and twisting opeiation In the 
coaisei textiles, such as ]ute, it is evident that the spinning 
unit is an aggregate oi bundle of the ultimate fibies, which 
are too shoit (2 to 3 mm ) to admit of manipulation 

They are worked m lengths, which have lefeienoe to the 
conditions of themaohmery, most convenient foi piepaiiug, 
drawing, and twisting But it must be borne mmind ns a 
fundamental technical fact that the ultimate propeities of 
the yam are conditioned piimarily by the length of the 
ultimate fibie This will be evident from the table 
(p 282), giving the relative strengths of textile yams in 
terms of actual tenacity and apparent elasticity (extensi- 
bility) We have added to the list the new products 
known as aitiheial sdk, oi lustiacellnlose This being pre- 
pared from stiuctuieless solutions of cellulose derivatives 
may be considered as structmeless In this sense they 
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lesemble the tiue silks -which aie pioduced m solution in 
the glands of the silkworm and extiuded into the atmo- 
spheie, the woim performing the mechanical opeiation 
of diawing and laymg the thieads in the specialised foim 
of cocoon 

The stiuctuieless cellulose, m the form of a thread of 
regular dimension, presents to us a case of mechanical pro 
pel ties of a substance independently of the giossei stiuctuial 
details which ehaiaeteiise the natural cellulose fibres, and 
it will be seen that cellulose admits of veiy severe treat 
ment in passing through a cycle of operations and revolting 
to an amoiphous suhstsmce which retams much of the 
structural properties of the original 

Eeverting now to the fibious celluloses, there are certam 
features common to the paper-making and the textile 
mdustries Thus, a web of paper and a textile yarn 
may be made from \ the same raw material, and, more- 
over, have the common charaotenstio of an agglomerate 
of disoontmuous fibrous elements produced in continuous 
length The strength oi cohesion of the two fabrics depends 
in the first place upon the surface adhesion of the fibrous 
units, but in the case of the textile yarn this is a much less 
important factor than the “twist" communicated by the 
spmnmg piocess On the other hand the papei web, though 
devoid of twist, presents certain characteiistios m the 
opposition and adhesion of its structural units, which makes 
it a more coheient agglomerate than the yarn. Generally 
this IS referable to the wet piooesses of the paper -maker, 
which brmgs the colloidal fibre substance mto a condition 
of hydration oi gelatmisation, m -which a more mtimate 
adhesive contact of the fibre surfaces is determined. The 

I 
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cohesion is tiugmented by the piessure to winch the web is 
subjected while still in the wet state and the union of the 
fibie surfaces is finally cemented by the diymg or dehydia 
tion of the web Conveisely, when le-welted a papei is 
brought back into approximately the condition of the web 
as first put togethei and its cohesion in this state oi 
wet strength, is only a fraction of that of the paper 
The cohesion of a textile yarn, on the other hand, is 
only slightly affected by wetting, and the effect indeed 
is not necessarily in the direction of diminishing tensile 
strength 

The main point of contrast between those great divisions 
of manufactures devoted to the industrial utilisation of the 
vegetable fibres, ra the length of the unrt fibre, or fraction 
of fibre, in the final state of preparation of the raw fibrous 
naatenal Generally, w e may say that the limit of economic 
handhng in the textile industi’y is reached with a length of 
fibre of 8 — 6 mm This infeiioi limit expresses, on the 
other hand, the outside limit imposed upon the paper- 
maker for the satisfactory working of his wet web upon 
the WHO cloth of the machine oi hand mould, and foi the 
majoiity of papers a length of 1 — 2 mm is a working 
optimum 

This corresponds with an obvious complementary rela 
tionship of the two industries, and the paper-maker, up to 
fifty years ago, was practically limited, as to raw maternal, 
to the wastes of the textile mdustries 

In later times there have been notable advances m the 
method of working up short fibre wastes by the spinner's 
dry methods, “ ginning process,” and, by special modifica- 
tions of teasing or cardmg maohines, the utilisation of 
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these shoit fibies has been earned to extieme limits As 
a question of cost of pioduction it is found, howevei, that 
the paper-making piocess has consideiable advantage The 
problem then aiises of conveitmg the eontmuous length of 
paper mto a textile yam, with the associated question of 
the actual utility of the product The elements of the 
problem are these — 

(1) The subdrvision of the web of paper rnto stiips of 
suitable dimensions 

(2) The rollmg of these strips continuously into the 
cylrndi-ical form 

(8) Sub]ectmg the cylmdrical length of paper “ felt ” to 
a twisting operation so as to increase its tensile strength 
to a maximum 

Having by these processes appreciated to a maximum 
the tensile qualities of the fibious agglomerate, we still 
have to reckon with the mtrmsic limitations of quality, 
due to shortness of fibre, on the one hand, and the fact 
that when wetted the product loses its cohesion 

This is a general and somewhat “theoretical” expose of 
the technical basis of an industrial movement which has 
been m progress since 1891, toward the utilisation of papei 
m the form of a textile It may be noted that this move- 
ment, though quite new to Europe, is based upon old 
woild practice, for the Japanese have for centuries used 
paper as a basis of strmg or twine, twisting paper strips of 
convement width mto the cyhndiical form, and also piecing 
successive lengths to produce a virtually eontmuous fabne 
This, however, was a manual operation performed upon the 
finished paper, and the product is only crudely suggestive 
of the pulp yams which have been evolved through vaiious 
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stages of peifection by the -work of Eniopean inventois 
bimging to beai upon the pioblem the lesouicesof modeLn 
mechanical appliances 

The development of this mdustiy is mainly due to the 
entei prise of a succession of German mventors, and an 
excellent account of then labours is contained in the 
tieatise of Pi of E Pfuhl, “Papieistoffgaine (ZeUstoffgame, 
Xylolm, Silvalin, Miella) ihie Ileistellung, Eigenschafteu 
und Verwendbarkeit,” published by G Hofflei, Eiga, 
1904 This treatise on “Paper pulp-yarns, then pie 
paiation, properties and applications,” is a veiy complete 
technological account of the mattei, to which the specialist 
student must lefei In the geneial account which follows 
we have made free use of the mattei of the treatise, and 
we acknowledge our indebtedness to the authoi and 
pubhshei 

It appears that the evolution of the industry is set foi th 
m the subjomed outlme of inventions, as embodied in 
Gennan patents Practical success is claimed to have been 
achieved by three of these systems, each of which repiesents 
a consolidation of two oi moie patented mventions — 

(a) The system of Claviez & Co is based upon a finished 
but unsized papei as raw mateiial This is cut into 
fine strips, of a few mm ’s width, each strip being separately 
wound on a bobbin, which is then tiansferied to a spinnmg 
or twisting frame In the form of twist it is subject to a 
rolling process to consolidate the thread, and this treat- 
ment IB repeated, after moistening the thread, m a second 
machme, the speed of which is adjusted to pioduoe a certain 
drawing effect 

The spmdle designed by Claviez for the spinning or 
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twisting of the paper atiips is represented by the accom- 
panying hgme (Fig 24), the spool oi leel cairying the 
paper stiip of 2 — 3 mm width is earned on the hollow 
hi ass axis b, which is held in position on the spindle « by 
means of spiings The flieia / rotate m the same direction 
in which the papei stiip was wound 
on the spool, the stiip is thus twisted 
and diawn off through lolleis under 
suitable tension The yarns pro- 
duced under thrs system are known 
as “ Xylolin,’’ and they are stated to 
have hrmly estabhshed themselves in 
the textile industry, competing chiefly 
with jute yarns 

A considerable refinement m pro- 
duction has been aimed at m the two 
groups of inventions about to be 
Eiq 24 -Spindle lor described, for which the starting 
twisting paper-atnpB point IB not a fimshed paper, but the 

« onmes tte con- m unfinished condition m 

tinuouB lengtn of paper 

of 2—3 nun width which it IS delivered from the press 
ff are the fliers pi paper machme 

(Claviez^^.D E P Kellner-Turk system is the 

consolidated result of the mventive 
woik of the late Carl Kellner, of Hallem — a well known 
pioneer of the wood pulp industry — and of Gr Tmk, of 
Sad Gastem The mam patents are those of 1891 
(D, E P 78601) and 1892 (D E P 79272) and the 
claims are snmlar, the former indicating the formation of a 
pulp-slivei by taking moist paper stops as dehvered from 
a cylmdei paper machme, and subjeotmg them whilst still 
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on the cylinder wire to & rubbing and lolling tieatment by 
which they aie loundea and conpolidated , the lattei patent 
indicates the same general plan of manufactuie, but the 
rolling of the strips takes place aftei they have left the 
machine wire The production of the papei oi pulp strips 
IS not patented This is effected by the special construction 
of the wiie cloth of the paper making cylinder, which is an 
alteration of impervious brass strips with the oidinaiy 
60 — 70 inch mesh wire cloth , the pulp is deposited 
on the lattei only These patents were acquiied m 1900 
by the Paten tspmneiei A G , in Altclamm, Stettin, in whose 
hands the piocess was further developed in thednection of 
the Turk patent 

The main feature of the tieatment of the strips is the 
process of conversion from the flat to the cylindrical form, 
under which there is an incidental consolidation of the 
hbrous aggregate This effect is produced by passing the 
strips through a special apparatus, the principle of which 
may be traced to an invention of 0 Schimmel & Co , 
Chemnitz, described in the German patent 70126, above 
cited The invention was in its inception applied to the 
“ lap ” of dry-carded short fibre as delivered fiom a textile 
carding machme The lap delivered at the full bieadth of 
the card is received between a parr of i oilers which divide 
it by a peripheral cutting arrangement into narrow strips, 
which pass forward to the rollmg apparatus This consists 
of an upper and under endless band of leather in close 
contact, disposed foi motion in the hoiizontal plane, each 
round a pair of rollers moving in geaied connection The 
rotation of these rollers caiiies foiwaid the now divided 
strips, but an alternating movement m the dnection at 
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right angles is communicated to the leathei bands by 
eccentiics, and this movement is in turn communicated to 
the stiips as they tiavel foiwaid, undei which they are 
contmuously lubbed and lolled into cylindiical foim They 



PlO 2o — Machine for roUmg flat strips of prepared short flhro 
(slivorj The ‘ 1 m ” is taken fiom &e card P, sub divided into 
strips in passing E E, lolled nt N N, and dehvered into ojltn- 
dnoal boxes or cans, T T (0 ISohimmol, D E P 70126 ) 

are then suitably laid down m receivers, to be tiansported 
to the spinning or twisting frames (see Fig 26) 

On the Kellner Tmk system, as applied to the wet pulp 
strips, a Bimilai apparatus and pioeess succeeds the piess- 
loUs of the paper maohme The endless bands of the 
rubbing and condensing rollers aie m this case made of 
mdiai libber. 
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The thud opeiation, that of spinning oi twisting, is 
earned out on the still moist thiead Theie aie vaiious 
devices employed in the textile indiistiy for confenmg the 
high degree of twist which chaiacterises the textile yams 
in then final forms , the same piinciples and foims of 
machine aie pressed into the seivioe of the papei pulp- 
spinner The twisting is mostly earned out on “ Eingzwiin 
maschinen,” iing-spindle machines, i e , fiames caiiyiug 
60 — 70 spindles on the side In making weft yams, 
the delivery of the spun yam is varied so that it may 
he wound directly into cops, oi on to tubes plated over 
the spindles Theie aie two limitations to the elhciency 
of this system, one is m the mode of making the pulp 
stiips on a ajUiidei machine The alternative process and 
machuie, based on the fiat running Fouidiiniei wire, with 
its much higher productive efficiency, is adopted by them 
as the basis of the competmg system which we shall next 
desoiibe The contiast of these two methods of oonveiting 
beaten pulp into piapei is well set foith in C Hof man's 
Hanclbticli dei Papteifabnkation, ed 1897, page 868 

The second limitation of efficiency — that is, m output and 
therefore economic production — is m the speed of the 
machine and process of rounding and consolidating the 
strips Taking 12 — 16 m pei minute as the speed of 
lunning, a maohme of 80 spindles will pioduce m length 
from 12 X 80 X 60 X 24 = 1,382,400 m to 15 X 80 X 
60 X 24 = 1,728,000 m per diem these lengths lepiesent 
460 to 676 kilos of a No 8 yarn, oi 116 to 144 kg of a 
No 12 yam In actual working, allowance has to be made 
for unavoidable breaks and stoppages, and the output is 
t^en at 30 per cent less than these figures It may be noted 
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that a beating engine (Hollander) of 160 to 200 kg 
capacity (diy pulp), dealing with foui chaiges m the twenty- 
foui hours, would feed two of such special machines 

In summing up his notice of this system, Pi of Pfuhl 
expiesses himself as follows (page 88) — “It is piobable 
that a nunibei of ciieumstances, m addition to the not veiy 
satiafaotoiy output of the shvei machine, have contiibuted 
to the present position (end of 1906) of the system, which 
is that aftei many years of existence, as indicated by the 
dates of the patents, it remains without industrial extension ” 
In connection with the development of the Kellnei-Turk 
pioceas, a numbei of patents have been taken by Lemwebei, 
which have been acquired by the Altdamm Company These 
inventions have reference to details which aie found to be 
essential factors of economic production, such as the sub 
division of the web of pulp into small strips (D E P 140011) 
The mode of distributmg these to the further operations 
(140,666) a further patent (140012) has reference to the 
loundmg of the strips to a sliver by causing them to pass 
through a funnel, the tube of which is of spiral or other 
special consti notion, this treatment immediately precedmg 
the spinning oi twistmg 

System of E Kion “ Silvahn ” yams 
It will have been evident durmg this discussion that 
wood pulp “ spinning ” is a hybiid piooess a cioss adapta- 
tion of well known paper makmg and textile methods to 
the production of a particulai type of fabric, and mvolvzng 
m a very special sense the question of cost of production 
It may be noted in illustration of this pomt that while 
papeis and staple textiles aie produced and sold under a 
very wide range of costs and puces, the new industry in 
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the hybiid inoducts depends mainh upon cost of pioduclion 
The system which consolidates the inventions of Messis 
Kron claims impoitant progiess m this essential element of 
success In the hist pla^e, the production of the oiigmnl 
pulp stiips is “intensified” by employing the oidinaiy 
Eouidiinier machine at its full width, the web being sub 
divided into nanow strips by an aiiangement foi piojecdng 
]eta of water upon the web at such distances that the web 
18 divided into 100 — 500 ships pei metre The sepaiatiou 
of the ships IS, howevei, not thus completed , they aie 
wound up on a roll of the full width, and aie aftei wauls 
sepal ated and detached as discs It is based upon the 
following patents, of which the subject mattei indicates the 
essence of the several inventions — 

I Mam patent (K 23200 vii/7Gc) A process foi twisting 
or spmmng the cellulose (pulp) directly fiom pulp lolIs 

(a) Addifaon-patent I (K 2S887 vii/76c) for winding up 
the wet- web at the bieadth of the machme to be uftei- 
waids divided in pulp discs of suitable narrow width 

(h) Addition patent II (K 23926, vn/7bc) Impiove- 
ments m the manufacture of pulp-iolls m a moist 
but ooh&ient state 

II Mam patent (K 26168, vu/76o) Piocess and 
apparatus for wmding up moist ships of paper pulp, etc 

ITT. Main patent (K 25043) Process and apparatus foi 
sub-dividmg a web of pulp (as on the wet end of a papei 
machine) mto strips 

IV Main patent (K 26001) Appamtua foi direct 
deliveiy of moist pulp ships 

V Mam patent (K 26086) Spinning machme for 
preparahon of detachable cops 
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The succession of opeiations m the Kion system is as 
follows — 

1 The foimation of the web on the Fourdrinier wire , 
its sub-division mto stiips by the impact of ]ete of water 
for the numbei of stiips requiied to be formed 

2 The pulp stiips aie subjected to the action of press- 
rolls foi the gradual lemoval of water and piogiessive 
solidification of the fibious aggiegate, it is then fuither 
diied by heat on a steam-heated cylinder , and then wound 
up in what is termed a magazine loll, which thus holds a 
senes of discs in close contact These aie detached as 
required foi the fuithei opeiation of twisting, and are 
disposed foi wmdmg off m a honzontal or inclmed position 
beneath the spindles 

8 The wmdmg off and twisting mvolves the passage 
through the machme which is the subjeot-mattei of patent 
No 4 {ante) fiom which the strips are delivered continuously 
to the spmdles These have a speed of 3,000 to 8,000 
revolutions pei mmute, with the shver tiavelhng at 8 to 16 
metres pei minute, accoiding to the size of the yam and 
the degiee of twist requiied 

The following table of lesults of tests of tenacity and 
“elasticity'' more paiticularly illustiates the technical 
features of the wood-pulp “ spmnmg ” systems — 



UetScal cotmt. 

Broaklps; Btxalu 
in tenna of 
limklng lengtli. 

BxtensIbUitr 
per cent. 

Silvalm atnpa (dry) 

2,891 

2,390 

3 06 

» yam 

2,900 

4,810 

6 44 

Altdamm (Tiirk) strips 

13 lo3 

4,170 

2 84 

Strips rounded (sliver) 

8,222 

6,014 

2 24 

tt If If 

8,408 

6,187 

2 71 

Pimshed yam 

12,100 

6,413 

306 
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Fiona his extended investigations of those pioducts Pi of 
Pfuhl concludes that this class of yams made tioni pure 
wood cellulose have a mean bieaking length of G to 7 km 
with an extensibility of 6 to 7 pei cent , and these constants 
define a textile quahty sufficiently high for then utilisation 
undei the oidinaiy conditions of weaiiug, both as waip and 
weft The waips of wood-pulp yams lequiie no pievious 
“ dressing " oi sizing The finished fabrics, it may be 
mentioned, have about one half the stiength of jute fabiics 
of the same make and weight In legaid to the conditions 
of utilisation of such fabiics, it is to be noted that, v hen 
wetted, they lose their tensile quality entirely , and although 
they legain then stiength m diyiiig, it is evident tli it the 
defect in question is a seiious limitation of their utility 
(b) Cost oj V)odiu.tmn of Siliahn lams — The estimates 
of Pi of Pfuhl aie based upon a daily output of b,000 kg 
01 1,800 tons pel annum, involving 2,160 spindles luiinmg 
eleven hours , the coriespondiug pioduction of shvei-stiips 
running contmuously, i e , twenty to twenty-four houis pei 
day In the estimates, the production of a No 3 (metrical) 
yam is considered The capital outlay is summaiised as 
follows — 



Murks 

Site and land, 16,000 ki 

15,300 

Bmldings, 2,000 mi , etc 

71,400 

Machinery and plant 

300,500 

Business capital 

126,800 


623,000 


Thepe represent an annual charge of about 86,000 m and 
addmg salaries the establishment represents a charge of 
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6G,807 m pei annum Wages are estimated at 60,320 m , 
and coal (at 20 m ) 43,160, adding for lighting, packing, etc , 
41,000 m The total annual charge is 201,287 m This 
on the basis above set forth gives a cost of piodaction per 
ton of 111 83 marks Adding 20 marks fpi one patent 
hcence, we have a total cost of 131 83 marks Compaiing 
these costs with those of spinning jute to yam of the same 
count, which was estimated at 100 to 120 m undei similai 
conditions, it is seen that they are some 10 to 20 per cent 
higher The lespective raw materials have now to be 
brought mto account, viz , sulphite cellulose at 16 to 18 m 
pel 100 kg , and jute at i£10 to £14 per ton The final 
comparison is made m the following terms — 


Total cost of 
production 


Marks for 100 kilos 


Jute waip yam, No 6 

84 

48 

Jute weft yam. No 6, 4 

81 

89 

Bilvolm yam, No 6, 5 

28 

82 


Physical Piopeitics and Applicatwn of Wood pulp Yams 
and Fahncs — It has already been indicated, and is, m fact, 
moie 01 less self evident that wood pulp yarns are limited 
in then utihty In measuring the utility a number of 
general principles have to be taken into account as well as 
the practices and conventions of the textile mdustiy which 
follow from them The numerical basis of measurement or 


the “counts of yarn’* is the relationship, which 

in the textile mdustiy takes a number of conventional forms 
The trade m coarse yams which alone come mto considera- 
tion here, is mamly concerned with flax, hemp and jute or 
bast fibre ysans, and low grades of cottons Thus we have 
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the English units oi -^ain nnmbeis for bast fibie yams = 
the numbei of leas (of 300 yaids) in the pound , foi cottons 
the nurabei of hanbs (of 840 yaids) in the pound The 
]ute tiade (Dundee) tabes an inveise measuie in teims of 
the “ spindle ” of 14,400 yaids, the numbei of pounds in 
this length being the yam numbei Foi wood pulp yams 
the simplei metiical numeiation obtains, \iz , the numbei 
of meties (unit of length) to the giam (unit of w'eight) 
The following table, of the metncal >ain numbeis and 
then equivalent in the conventional units will be found 
useful 

Table of equivalent yarn “ nnmbeis ” or 
description compared with nietiicol counts 


Metiionl counts 

Cotton ooniit 

Pliix counts 

Jute counts 

ineties per 
Igim 

u (SUl) Ills 
pel lb 

n (3()1 )JjiIh 
pel 111 

11 J)01 
14,-100 jcls 

10 

0 691 

1 O')! 

29 0 

1698 

10 

2 800 

17 1 

0 606 

0 857 

10 

48 0 

29 0 

17 1 

48 0 

10 


The strength oi "tenacity” of yams is detenmned as a 
breokmg-stram, but usually expi essed as a biealang-length, 
that IS, the length of the bi eakmg- weight of the yarn itself 
This IS comparable at once with the sectional breaking 
strain usually applied to solid substances For wheie I 
expresses breaking length, « specific gravity, and K the 
breaking strain pei 1 mm of sectional area, L X « = 1 
Bi eaUng-Lenqtli — It is an expiession which eliminates 
two of the three dimensions, that is, it is independent of 
the sizes of yarns oi threads, as of the thickness or width 
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of fabiica such as papei pioduced m sheet or web It will 
be noted as a conventional expiession, but of veiy gieat 
“ convenience,” and gives a comprehensive or aggregate 
expiession of tensile quality, and thus is applicable to the 
most diverse substances and in their most varied form 
Fiaotuie of a textile yarn oi papei is accompanied 
always by elongation under the stram , this of course is a 
ceitam measuie of true elasticity The lattei would be 
dedned as the amount of extension of which the fabric is 
capable, with the condition of leveitmg to its former dimen- 
sions when the stram is removed This quality, however, 
IS seldom defined oi tested in textile fabiies 

Extensibihty is usually expressed as the total percentage 
elongation sUstamed at or under the breakmg-stram 
The following table of these quantities apphes to the most 
important textiles 


Mean averages for 
Conuneiciol 
Pioduots 


Brenking I engtU. 


kilomHbrra Blnitlclty 

Cotton yarns 13 — 14 3 97 

Eamiejams 11 — 12 0 8—1 8 

Plax yarns wet spinning 12 4 — 10 6 1 1 — 18 
Flux and tow jams, drj 
spinning 11 8 — 12 4 2 6 — 3 1 

Jute yarns 9 9 2 0 

1 ustra oeliulose avemge 12 0 2 0 


V Aititeial Bilks, exti’emes 8 0 — 14 0 7 0 — 18 0 


The mechamcal properties of papers aie expressed in the 
same terms, and it is interesting to compaie the range of 
numbers for the highest classes of papers — 

Breaking Length Elongation 
MetrOT Per cent 

Bag papers, Manila papers and 
wood pulp papers (an dry) 4,000 — 8,000 8 8 

It IB evident from these numbers that the shorter fimts 
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common to papeie produce a texture approximating m 
mechanical proper tree to the lower grades of eprui 3 'am 
Prom the preceding expose it would appear thatmveulois 
have endeavouied to overcome the unfitness of papei as 
such for textiles, or weaving uses, by changing the form and 
usual dimensions of the web of paper The stages in the 
productions of a cylindrical product or yarn are fl) cutting, 
(2) rolling and (3) subjecting the cylmdiical rolled stiipsto 
a twisting process whilst in a moist condition The effects 
of these tieatments m increasing the solidity and resistance 
of the agglomerates is shown by the following figures — 



Bi’ea'kiiig Leiioth 
kin ‘ 

J lougntion 
I'll lOIlt 

Plane strips, dried 

417 

2 81 

Boiled into oylindiioal form 

6 18 

2 71 

Boiled and twisted 

6 41 

3 06 

The following numbers have reference to rvood 

pulp jams 

as industrially prepared 
Silvahn (Kion process, 1908 — 

■4) 


Mean of 240 tests 

6 498 

68 

Maximum observed 

8 814 

10 5 

Miiumum observed 

410 

29 

Altdamm (Turk process, 1908- 

-4) 


Mean of 90 tests 

6159 

7 71 

Maximum obseiwed 

7 695 

11 16 

Minimum observed 

8 619 

4 38 


As a chemical individual wood cellulose differs but little 
from cotton cellulose , and when only chemical relationships 
are involved, there is an obvious piobabihty of the former 
bemg able to substitute cotton as a basis of manufacture 

1 TTpri ifl the ooutraotion for kdomofete 
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For such substitution there is always the inducement of 
relatively low maiket piioe 

Sbhcial Cellulosb Industribs 

There are several important industries which have been 
developed upon the characteristic properties of derivatives 
of cotton cellulose The modern mdnstiy of high explosives 
IB baaed upon the mtrio esters of cotton, which m ceitam 
cases are associated with the corresponding nitrates of 
glycerine As shown m Chapter II cotton can be nitrated, 
that IS, combined with nitric acid by simple methods and 
without any evident structural change The mtio-cotton, 
or gun cotton, has the external appearance of ordinary 
cotton, but IB harsher to the touch, and the addition of the 
large weight of 70 or 80 per cent due to the combination 
with nitrate groups, causes minor stiuotural changes which 
can be well observed under the microscope 

The properties of gun cotton are primarily those 
associated with rapid or explosive combustion , combmation 
with the nitiic groups mtioduoes so much oxygen into the 
molecule that the new compound has all the elements oi 
internal conditions for complete combustion, whereas 
ordinary combustion depends upon the gradual supply from 
without of atmospheric oxygen to the burning body When 
gun cotton is fired, there is a rapid propagation of the 
combustion, and when this takes place in an enclosed 
space detonation occurs, wrth ruptme of any containing 
vessel, due to the enormous development of gas’- at high 
temperature 

‘ The produots of explosion of the nitrate are represented by the 
equation 2 CjiHieOo (NOaH)u = 24 00 + 24 OOj + 17 Hj + 12 H 4 O 
+ 11 Nj and the heat evolv^ is 2,200 calones per 1 gramme 
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The cotton mtiates aie soluble in a number of oiganic 
liquids m which they swell up and pass into homogeneous 
solution, with limited piopoition of such solvents, and 
mechanical means, the fibious nitintes may be woiked up 
into stiuetuielesB plastic masses, which can he diawn or 
moulded mto thieada oi lods, oi idled into sheet It is an 
important discoveiy that glyeeiino oi nitio glycerine is a 
solvent of mtio cellulose Nitio glyceiine leserablea nitio- 
eotton in fundamental combustibility, and is snnilaily a 
high 01 blasting explosive, even moie poweifnl than mtio- 
cotton, owing to the somewhat lughei lelative proportion 
of oxygen It sounds like a pai ado\ tint on bnnging these 
two high explosives togethei a mixture lesults whiLh has the 
piopeitiesof lestiained combustion, 01 leguhted explosion 
These bodies worked togethei in suitable piopoitious pio- 
duce a plastic mass which can be diawn, as above stated, or 
shaped "When flame is communicated, there is a regulated 
combustion proceeding fiom the external layers to the 
centre of the mass Explosives of this order can, in 
fact, be used as propulsive explosives, that is foi military 
ammunition, the oidmary forms are coidite, balistite, etc 

It would appear to be possible to replace cotton foi the 
manufacture of nitio cotton by the wood celluloses, but 
there are many reasons, partly of constitution, and partly 
having to do with the external character istios oi fibrous 
forms, which have prevented this from taking any deep 
root, and we can therefore haidly enter mto the specialised 
technology of gun cotton and explosives as a development 
of wood-pulp mdustry 

The same may also be said of the very important 
mdustiy in articles known as celluloid, xylonite, etc. This 
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art and mdustiy is based upon the plastic qualities of 
mtio cellulose when tieated with suitable solvents, and 
the plastic mass obtained by mcoiporatmg the fibious 
nitiates with special solvents and completing the mixture 
to a homogeneous mass by means of mechanical appliances, 
can be shaped into any reqniied foim Theie aie paiticulai 
leasons why this mdustiy also has not availed itself of the 
supplies of wood cellulose of which the market value is 
appioximately one third that of the foims of cotton which 
are oidinaiily used 

These leasons, as pievionsly indicated, are partly m the 
relative inconvenience of hundhng the shoit fabres of the 
wood celluloses and paitly from the particular featmea of 
instability character ismg compounds which are potentially 
self destructive Gun cottons and the lower nitrates of 
cotton are “unstable” as originally produced owing to 
the presence of sulphuric acid residues in oombmation 
These aie eliminated by exhaustive washings and successive 
boilings with water When so purified and “sterilised” 
they may be kept for prolonged periods without change 

But othei celluloses aie constitutionally dififeientiated 
from the normal cotton cellulose, and contain a proportion 
of groups of less intimsic stability these nitrated to 
the same degree are coriespondmgly less stable, and liable 
to spontaneous decomposition Hence a lowei stabihty 
of the entire complex and unsmtabihty for these mdustiial 
nses 

Cellulose Acetates — The highly combustible and explosive 
nature of the cellulose nitrates imports a consideiable 
dangei in the manufacture and use of celluloid oi xylonite 
An important use of the nitrates is for the manufacture of 
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photogiaphio films, and m oidmaiy use this has not led to 
any seiious eatastiophe On the othei hand, the film 
employed to cairy the photogiaphic 25ictui6 m the kine 
matogiapli, the pictme being pioiected on to a scieen by 
means of powerfnl illnminants, is a combination of iisks, 
which has led to seveial disasteis It is a well known 
objective of mventors to discovei an ellmient substitule 
foi the nitrate Cellulose acetate is an estei of cellulose 
which IS a close analogue of the nitrate, is also soluble in 
orgamo solvents, and may be shaped in adraivtuio with 
these in any desiied way The fiisb seiious attempts to 
jirepare the cellulose acetate on the mdustual scale date 
from 1890 It was found by oui selves that ceitain foims 
of cellulose can be biought into leactionwith acetylaUng 
reagents m piesence of zinc acetate, and such piocess was 
cained out on an mdustual scale 

Further mvestigations of othei chemists led to the 
obseivation that cellulose combines leadily wuth acetic 
auhydiide in piesence of sulphuiic acid lelaluely in 
small quantity, and taking pait only m determining the 
mam leaction Such a process, the subject of a senes of 
patents by Ledeiei (tee p 240), lias led to consideiable 
economy m the production of the acetate, and the mattei is 
being industiially developed in one or two counliies The 
acetate film answering all the requirements of photogiaphio 
use IS still, however, in the embryo stage of development 
Owing to the simplicity of the reaction and the lelative 
inertness of acetyl groups, there is every reason why the 
wood celluloses should answer all requiiements foi this 
industiy The reaction is usually earned out with a 
mixture of glacial acetic acid and acetic anhydride in equal 
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proportions to which the calculated small quantity of 
sulphmio acid is added (Ledeiei), in contact with this 
reactive mixture, the celluloses are gradually and pro- 
giesBively attacked and pass into solution Low tempeia- 
tuies onlyaie requiied, and 50“ C isthegeneial maximum 
The product is obtamed as a highly viscous liquid, that is, a 
solution of the estei in the excess of the reactive mixtme 
The mixture is treated with water, which piecipitates the 
ester, and, by suitable mechanical means, this is effected in 
a state of minute subdivision of the estei, so that it is easily 
washed When dry it dissolves to bright solutions in its 
special solvents, which aie chloroform, ethylene chlorides, 
acetic acid, phenol, etc It is to be noted that these 
solvents present difficulties in use, and they are by no 
means so convenient as the solvents used for the nitrates 
Vaiiations of the process, however, have led to the pro- 
duction of acetates soluble m acetone, a solvent which is 
free from objection in use 

An important question of cost necessarily enters as 
determining the extent of application of these bodies 
Owing to the relative high price of acetic anhydride, and 
the necessity of using an excess of reaction mixture, the 
coats of acetate obtamed as above described is relatively 
high In employing solvents, which aie lost m the woikmg 
of the acetate to particular forms, the cost is added to, 

Whereas ceUulose nitrates can be bought m the open 
market at from Is to 28 per lb , the acetates stand at a 
multiple of these figures, viz , 6s to 9s a lb 

It IS evident that such prices exclude apphcations save 
such as are relatively independent of cost 

Another pomj: to be noted m connection with these 
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acetates is that while the leaction is diieet, and, m one 
sense, simple, theie is no doubt that the use of acid 
catalysts bungs about the bieaking down of the cellulose 
aggregate by hydrolytic change, fiom which lesnlts a loss 
of stiuctuial propeities The acetates so pioduced and 
conveited into contmuous solids aie lelatively buttle 
Piocesses which oveicome these objections depend upou 
the use of neutial oi saline catalysts, such as zinc chloiide 
These appeal to deteimine the estei reaction iindei con- 
ditions which do not involve hydiolysis or, at least, involve 
it to a much less extent The pioducts of such leactions 
are vhat may be consideied the normal senes of acetates 
The reaction of cellulose with acetic anliydiide in the 
piesence of zinc ohloiide as catalyst, and glacial acetic acid 
as diluent can be obseived thiough a leumrkable senes of 
gradations up to the extieme oi maximum point If cotton 
IB used, 01 moie particulaily cotton yam, it is easily seen 
that the lower acetates are foimed without any sensible 
modification of the cellulose oi yarn Acetyl gioups may 
be introduced into the cellulose molecule with an increase of 
weight up to 26 to 86 pei cent , piodueing an acetylated 
deiivative unchanged as to foim, showing certain new 
properties in respect of lowei attiaetion foi atmospheiic 
moistuie, and for those colouimg matters which dye cotton 
directly "When carried to higher stages, the fuithei intio 
duction of acetyl gioups cause a notable swelling of the 
cellulose, and, fimally, as the stage of tri acetate is reached, 
the product passes into solution This method of acetyla- 
tion IS economical by reason of the fact that theie is a very 
high utilisation of the acetic anhydride 

A further point of economy arises in the application of 
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the acetate, since for ceitam purposes the reaction mistuie 
itself can be employe4 This avoids the piocess of sepaia 
tion of the ester, m which the solvent is lost, oi so diluted 
as to have a much depieeiated value, and, moieovei, the 
sepal ated estei requiies again to be tieated with solvents, 
which become an added cost These difficulties, which 
appear of small magnitude, have effectually impeded the 
development of the applications of the product A geneial 
bibliography on the subject since 1896 will mdicate the 
dnections m which specialists may inquiie for evidence of 
the influence of these difficulties on the evolution of this 
cellulose estei 
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The derivativeo above descnbed aie themselves esters or 
compounds of cellulose and acid groups, and are treated or 
manipulated as such Thus, the solutions of both the 
nitrate and acetate can be diawn or spun to a thread, 
Vfhich, when sufiSciently fine, le an artificial silk The 
nitrate is the basis of the earliest, and still very saceessful, 
w p B 
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method of pioduoing these artificial textiles, nitro-cellulose 
IS only a stage m a cycle of industrial operations The 
nitrate is leadily demtrated, that is, its nitro gioups may be 
removed with regeneration of cellulose The earlier forms 
of artificial silks were not bo treated, or, at least, only 
partially demtiated, and therefore were necessarily hig hly 
combustible, if not explosive This piopeity very con- 
siderably prejudiced the earhei attempts at utilising them 
this form has, however, given way to the demtrated or 
cellulose product, which is now an ordmaiy staple textile 
The acetate in the form of thread or artificial silk could be 
used as such, as it is not more combustible than ordmary 
cotton It 18 a product, however, that is still only an 
industrial curiosity, and has not taken any promment 
position, piobahly owmg to the cost of production of the 
ongmal acetate which, for the reasons given, is necessarily 
high. A further difficulty m the same direction is the 
added cost of redissolvmg the products in solvents, which 
are lost during the spinnmg process There appears to be, 
however, a prospect of pioducmg a thread to compete with 
the artificial silks aheady estabhshed, by spmnmg or diaw- 
mg the original reaction mixture m the case of the noimal 
senes of acetates 

We have already described a peculiar compound of cellu- 
lose, which resembles the above m being formed by com- 
hmation of cellulose with acid groups , but the compound 
IS soluble only in alkaline hquids, and, moreover, is 
unstable, that is, decomposes spontaneously with reforma- 
tion of cellulose. This compound is the sulpho-oarbonate, 
or xanthogemo ester of cellulose, generally known as 
-“Viscose’’ This compound was described bnefly m an 
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eaily ohaptei, and its oapabilihes of regeneiation in struc- 
tural modifications ■were indicated Viscose has been used 
in a number of mdustrial applications, all of which depend 
upon this essential property (1) In thread or yam, it is 
an artificial silk (2) In plane or sheet form it is a 
transpaient film (8) Solidified in masses it is a solid, 
'Which, when dried, can be shaped or turned m the lathe to 
any required foim The cellulose can also be mixed with 
sohd bodies m preparing mixed agglomerates in which the 
structural quahties of the cellulose as the bindmg oi 
agglomerating medium assert themselves, even when 
diluted with large propoitions of foreign inert matters 
(4) In less definite forms, but exerting the same techmcal 
effects, viscose is used m sizing paper and textiles, and for 
various other applications 

For the general reasons above stated these industries are 
not necessarily connected with wood pulps, smce they are 
more generally apphcations of cellulose As a matter of 
fact, however, the wood pulps are a most convenient form 
of cellulose for the manufacture of viscose, and we may 
therefore give a few partioulars m elucidation of these 
newer developments 

The first stage m the “viBeose proeesb" is the conversion 
of the cellulose into alkali cellulose by treatment with 
caustic Soda solution at mercerismg strength (16 0 — 20 0 
per cent NaOH) 

The litnits of composition of this product are 

Per cent. 

Cellulose 26 — 80 

Caustic soda (NaOH) 12 5 — 16 

Water 62 6 — 65 
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There aie two methods of treating the wood pulp (oellu- 
lose) with the alkaline lye The first is to reduce the wood 
pulp in a kollei gang with sufficient water to bung about the 
disintegiation of the sheets, and then add the calculated 
quantity of caustic soda dissolved in such a quantity of 
water as to produce a mixture of the above composition 
The second method is to steep the sheets in excess of a 
lye of 17 6 per cent NaOH, lift, dram from the excess, 
piesB to a calculated weight, and then gimd m a koUergang 
or mixer to secure even incorpoiation of the mei censing 
reagent with the cellulose 

The alkah cellulose is a voluminous semi dry mass 
resembling biead ciumbs m appeaiance It can be stored 
m masses without change of composition by drainage 
The alkaJi-cellulose is protected durmg storage from 
access of atmosphenc air — that is fiom the action of 
atmospheiio oaibonio acid 

The second stage m the process is the reaction of the 
alkah cellulose with carbon bisulphide This takes place 
spontaneously at ordinary tempeiature It is important to 
carry out the reaction m a closed vessel to prevent loss of 
the very volatile bisulphide The vessel oidmanly used is 
of the form and construction of a chum In deahng with 
large masses it is found of advantage to replace the simple 
barrel or cyhnder by a vessel of hexagonal oi octagonal 
form The charge of alkah cellulose havmg been intro- 
duced, the quantity of bisulphide is poured upon the mass, 
the vessel closed at the man hole and slowly rotated, to 
secure even admixture and distribution of the contents 
The reaction is attended with a rise of temperature of 8 
to 7‘^0 according to the mass, mitial temperature and other 
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conditions of reaction The mass changes in colour to 
yellow, and the action is anested at the moment that it 
begins to lose its voluminous fiee condition 

The completed product tends to agglomerate, and for the 
purpose of making a solution it is impoitant that this should 
be stirred into water before the stage of agglomeiatiou is 
reached 

There are m fact two ways of woikmg up the xanthate 
the first IB by the action of watei to a solution of 10 to 12 
par cent cellulose strength, the second, the agglomeration 
IS completed by the action of heavy masticating rollers, 
such as aie used in the manipulation of indiaiubbei 
The latter method is, however, only used in connection 
with the making of solids which are shaped into cyhndiical 
form as a stage in the prepaiation of the solids known as 
viscoid 01 viscolith 

The viscose solution is the staiting point for the prepara- 
tion of artificial silk For this industry the crude solution 
IS subjected to filtration which requires to be of a very 
searchmg kmd In spinning oi drawing the silk the 
solution has to pass thiough oiifioes of fine dimensions, 0 1 
to 0 16 of a millimetre, and hence it is important to 
eliminate all residues of msoluble matter 

The xanthate oi soda salt of cellulose xanthogenic acid is 
the basis of viscose It is accompanied by by-pioducts of 
the original reaction and moreover, as it tends to spon- 
taneous decomposition by mteiaotion of the alkah with the 
sulpho carbomc residues in combination with the cellulose, 
there is an accumulation of these by products at the expense 
of the xanthates, which hold a steadily diminishing pio- 
ppition of the chaiacteiistic group The spontaneously 
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diminishing ratio of these groups to the cellulose is attended 
by dimimahmg solubihty of the oellulose complex 

Further, the by-pioduota aie soda salts of the oarhonio and 
Bulpho-oar borne senes, and are piecipitants of the oellulose 
compound In both directions therefore theie is a tendency 
for the viscose to revert to the solid sta e 
A Bolidrhed -nsoose is a coagulated xanthate, and may be 
washed m water, and then ledissolved m caustic soda 
solution 

The final stage m the reveision is celhdoae itself, which 
IS reached only aftei prolonged peiiods at ordinary tempeia- 
tures 

These phenomena are made use of m several of the 
applications of viscose, as in the engme sizing of paper 
and the sizing and fimshing of textiles The decomposition 
u hastened by the mteraotion of the soda salts with salts 
of zme or magnesia, and these are employed m the process 
of papei sizing 

Another charactenstic decomposition is that determmed 
by salts of ammoma Yiscose m contact with sulphate of 
ammonia m solution mteracts quantitatively , the soda is 
converted mto sulphate and is leplaced by ammonia (base) 
m both the by-products and the xanthate These ammonia 
compounds aie extremely unstable, and therefore there is a 
veiy rapid decomposition of the xanthate to oellulose 
(hydrate) This reaction is the basis of one of the methods 
of spmnmg or drawmg to artificial silk 
Another method which also fulfils requuements of the 
spmnmg process, is that of treatment with acids, which 
bring about a still more rapid decomposition 
Notwithstanding the lapidity of action the oellulose 
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hydrate adapts itself perfectly, and shows the same con- 
tinuity of substance and lesistant quahty as m the case of 
the saline baths 

In regard to mechanical methods, these are two, in 
principle and detail 1 The solution is projected from a 
fine glass tube each individual thread is thus formed apait, 
and a certam number of these are united into a compound 
thread hy passmg through a glass loop in the coagulating 
or decomposing bath 

The compound thread with its 14 to 18 elements is 
manipulated in the untwisted state, in the first instance , at 
a later stage, as a special operation, it receives the twist of 
100 to 200 per metre 

An ingemous method of combining these operations is 
the centiifugal spmning box of Steam and Topham 
This IB a box of special construction rotating at a high 
rate of spbed on a vertical axis In this case the compound 
thread is dueotly produced m the coagulating bath by 
projecting the viscose through a plane cap or nozzle of 
platinum perforated with 14 to 18 holes Bach hole con 
tributes a thread, and these are drawn forward in the 
ooagulatmg bath as a compound thread, which ascends and 
IS taken vertically up and down over a glass lollei to fall 
mto a funnel which communicates with the lotatmg box. 
The centrifugal motion has the effect of drawing the thread 
forward, twisting it, and laymg it peripherally m the box 
as a hollow or annular cocoon 
The hydrated thiead in this “cake” form is removed 
from the box at mtervals, re-wound into skems and further 
manipulated for purification of the cellulose 
Tha industrial applications of yiscose necessarily involve 
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a multiplioiiij of detail both chemical and mechanical 
Chemically, the pioduct is difficult to handle by reason of 
its alkalinity and the large pioportion of derivative sulphur 
containing groups which are oharacteiistio of the product 
and by-products 

When these are decomposed, the products are sul- 
phuretted hydrogen and other odorous derivatives 
When the decomposition takes place spontaneously, the 
alkahne reaction being maintained, the products are carbon 
bisulphide and traces of other sulphur derivatives 
The mechamcal difficulties of handling viscose are largely 
a question of materials, that is, of materials having the 
power of resisting the attack of the associated products 
whether m the origmal condition or undei the condition of 
decomposition by the reagents above mdicated 
It would be outside the scope of this work to deal with 
these matters m detail 

A large number of mventions dealing with these methods 
and details have grouped themselves around the onginal 
invention, which dates from 1892 These mventions and 
developments are so numerous that they form the Bub]eot 
of a monograph of 127 pages, with 88 pages additional, 
devoted to the patent liteiature We give the title of this 
woik m full “ Die Viscose — ihre Heistellung, Eigen- 
Bohaften, and Anwendung," von Dr B M Margosohes m 
Brnnn Leipzig L A. Elepzig, 

This monograph is extensive, and m fact complete, and 
it IB therefore unnecessary to duphoate this contribution to 
technical literature 

In the course of discussions m this ^nd piecedmg sections, 
We have not dealt directly with the oommeroal aspects of 
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■the wood pulp mdustiies nor with the subject of then 
money oi selling values These involve questions of minute 
detail, and a speoial aspect of these industries outside the 
scope of the present woik 

But we may deal in a very broad and geneial way mth 
these values, as an illustiation of an important principle of 
technology, that is, the appieciation of value of a raw 
material worked up by the agencies of chemical leagents, 
coal and steam, and manual labour, mto a finished 
manufactured product 

The German language, we may note in passing, provides 
the apt term “ veied(e)lmg ” which means literally 
“ennobhng,” for this piocess of adding value to raw 
materials and the special teim connotes the geneial idea and 
aim of manufactuiing industry We have to boiiow a 
Latm equivalent, and this suggests that the idea of 
appieciatiOn ” is somewhat of an exotic 
However the associated ideas may be expressed and 
assimilated the facts aie equally staking and mteiesting, 
and m the case of the cellulose mdustries they may be stated 
in the foim of an ascending scale of lelated values as 
follows — 

Ltd 

I (a) 1 cubic metre of wood weighs 400 — 600 kilos 

and IS worth m the foiest, say 0 8 0 

(b) Used as fuel it has a “bummg” value, say 0 6 0 

(o) As mechanical wood pulp it is worth, say 0 7 6 

(d) Treated by the bisulphite oi alkah piocess 

it would yield 160 kilos of pulp, say 0 16 0 

((e) Transformed into papei the pulp oi cellulose 
IB worth, say 


1 16 0 
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2fi0 

£ 8 

(f) Transformed into wood pulp yam, it is 

woith, say 2 6 0 

(g) Transformed mto artificial silk or lustia 

cellulose, it is worth, say ^ 7 10 O 

These figures cannot be stated more exactly, that is^ 
represent actual selhng values , but fractional variations 
would not affect the general scale of values which mounts in 
multiples from 1 to 60 Specialists are aware that these 
achievements m “veredlung” by no means exhaust the 
possibilities of cellulose technology and industry 

* This intereataag mdufltnal record we owe to Dr 0 Witt and Ma* 
KiiUei 



CHAPTER Xr 

SPBCIJTBN PAGES — VABIOTJS TTPBS OP PAPBH 

In the first edition of this book specimen sheets of paper 
selected as types were presented with a description of their 
characteristics The selection was designed to bring out the 
position of wood pulps in then vaiious forms as suitable 
paper-making raw material 

In establishing this position there have been, of course, 
the two elements of competition first, technical effect , 
and second, cost 

As a result of the competition, the wood pulps have 
largely displaced cotton, jute and esparto The general 
result of their mtroduction has been to cheapen production, 
with no sensible lowermg of general, quality 
It IS unneoeSsaiy again to pomt out that ground wood or 
“ mechanical " wood pulp has many undesirable character- 
istics, and, of course, it is iigidly excluded from papers for 
documents of permanent value 
But even this “Cinderella” fibie has proved of great 
practical importance and utility, m enabhng papers to 
be produced at a cost commensuiate with the enoimous 
demand for cheap publications 
A careful companson of the specification of the charao 
tenstics of each type of paper will show that wood pulp has 
Vindicated its present position in respect of many of its 
physical properties 
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■WOOD PULP A-UD ITS USES 


CHARAOTBRTSTTCa 

Number o£ Speoimon Paper 

1 

2 

3 

Tjade Boaonption 

Heavy 

Imitation Art 

High ClasR Bag 

Sulphite 

Supplied by 

Spalding & 
Hodge 

WigginB, Toapo 
& Oo 

Lepard 4t Smiths 

Price per lb in 1911 

iid 

7J<i 

2id 

Weight of tlcam Dcray 

4a lbs 

28 lbs 

21 lbs 

17^ ina X 22^ ins 480 
flhodta 



■Oraznmes per sq metre 

171 1 gms 

96-7 gms 

78 1 gms 

Tbicknoae, single sheet ins 

0059 

0042 

•00’33 

, m,ra 

147 

107 

084 

Strength tensile on strips 

lbs kilos 

lbs kilos 

lbs kilos 

15 m m wide — 




Mfuihlno direction 

14 I — 

18 7 ~ 

7 4 — 

Croa<< directiot) 

93 _ 

12 1 — 

2-6 ~ 

Mean atrengtb 

11 7 = 5 32 

15 t = 74)3 

8-0 = 2 27 

Breaking length, yards 

2 209 yds 

6 287 

2 126 

, metres 

2,073 metres 

4 830 

1,938 

Breaking weight per sq 

2 413 gms 

4,379 gms 

1 800 gms 

m«m of seoaonnl area 
Loss of strength duo to 


folding 4 times 

613% 

68% 

34-0% 

12 tlmea 

85-0% 

13-0 % 

dO'O % 

Bursting Stroin^ 


Lbe persq iooh 

24-Olbs 

45 -5 lbs 

9 6 lbs. 

Grammes per sq om 

1.687 gms. 

3,200 gms 

668 gms 

Siting — 

Percentage of gelatine 

_ 

4 10% 


Aah — PoroonUKc loadlna 

30 4 % 

2-0 % 

22-0% 

Plbro IB Oompoution — 

E iparto 

80% 


— 

Sulphite Weed 

20% 



100 % 

Mcoiianloal 




Cotton 


)00% 


Volume Composition — 



Gms per o o / Paper 

1 163 

•904 

020 

S'lbre ' 

809 

844 

•72S 

Ash 1 

374 

023 

204 

Gelatine 


037 

Petoentage Oompositiou 
by volume — Plbro 



68-9 

50 3 

48 3 

Ash 

14 2 

0-0 

82 

Airspace 

31 9 

401 

436 

Gelatine 


2-7 





SPECIMEN PAGBS-VABIOTJS TYPES OE PAPER 26S 


Chabaotkbistics 




Number o( Speolmcn Paper 

4 

0 

0 

Trade DeeorlptioQ 

Imitation Art 

Bapartn Printing 

High Claan Art 

Supplied b> 

Lepard & Smiths 

Lox>ard & Smiths 

0, Morgan & Co 

Price per lb In ISll 

Sgd 

2|d 

Prtoe on 
appUoAtion 

IVciffht of Beam Demy 

22 lbs 

22 lbs 

41 lbs 

17i ins X ins 480 

sheetB 




Qrammes por aq zneira 

61 8 gma 

81 8 gms 

102 S gms. 

Thieknees slngie shoot ins 

•0030 

■0034 

■0002 

, , m m 

•070 

080 

132 

Strength tensile, on strips 

Iba kiloa 

lbs kilos. 

lbs kilos 

] 6 m m vide— 




Uaobino dirootlon 

04 — 

0 0 — 

IS 8 — 

Cross direction 

4 7 ^ 

B 3 — 

74 — 

Moan strength 

7 i =e 3 23 

7 4= S 37 

10 0 = 4 35 

Breaking length, yards 

2,880 

3 002 

2 300 

,, metres 

2 033 

2 740 

2 114 

Breaking weight per sq 
ni m of secnonai area. 
Loss of strength due to 

2 834 gms 

2 013 gms 

2 i'iB gm^ 

40 1 % 


folding 4 tlmoB 

04 0% 

32 4 % 

12 timea 

09 0^ 

44-0% 

08 2 % 

Bnrating Strain — 

23 3 lbs 

Lb^ par aq mob 

10 1 lbs 

17 2 lbs 

Qrammes per sq om 

1,066 gms 

lylUSgms 

1 1 038 gms 

Bising— 

Feroentage of^latioe i 



0 43 % 

Ash— Percentage loading 
Pibrona Composition^ 

24 2% 

IT'OX 

29 0 % 

40% 

06% 

Baparto 

Solpblte Wood 


80% 

20% 

Meobanioal i 




Cotton 

■ 

... 


Volume Composition — 



1 102 

705 

Gma peto o Paper 
PiD^ 

1073 

816 

•002 

700 

Ash 

260 

162 

334 

Geiatluo 



•003 

Peioentage Composition 
by Toiumo — Itbre 

04-4 

02-7 

60 3 

Ash 

10-4 

o-a 

IS 4 

Air spaoo 

30 2 

40 8 

Si-O 

Gel anno 



4 7 
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WOOD PULP AND ITS USES 


Ohabaotsbistios 




lamber of Speolmen Piper 

7 

8 

0 

Trade Doioriptloa 

Oommon Art 

Common Hews 

High Class Hews 

Supplied by 

Lopard & Smiths 

0 Morgan ft Oo ' 

C Morgan & do 

Price x>er lb In 1911 

iii 

Price on 

Fiioe on 

annlioation 

application 

Weight of fieem Domy 

38 lbs 

14ibB 

18 lbs 

IT^iOB X 22^1118, 480 ! 
flhoeta 1 




Grammes per aq metre 

141 4 gms 

52 1 gms 

67 0 gms 

0045 

ThlokneaBiBingleahaet Ina 

0U53 

0041 


ISS 

104 

114 

Strength tondio, on atripa 

Iba kilos 

lbs kiloB 

lbs kilos. 

16 m m Avido*— 




Maohine direction 

11 a ~ 

66 — 

6 3 ~ 

Oroas direction 

48 — 

24 — 

4 1 — 

Mean atrengih 

6~3 = 3>76 

4*^ =. 1-81 

6-2 » 2 36 

Breaking length yards 

1,860 

2,650 

2 678 

1 , metres 

1778 

2,324 

2 3S0 

Breaking weight per aq 
m m ol sootlonal area 
IiOBs of strength dne to 

1,863 gmB 

1 161 gms 

1,878 gms 


folding 4 times 

41-0% 

10 0% 

16-4 % 

12 times 

48 2% 

200 % 

10 2 % 

Barstins Strain — • 


Lbs per 8^ Inob 

18 21be 

811bs 

11 4lbs 

OrammoB per sq om. 

1 276 gmi 

609 gmi 

808 gma 

sizing — 

Porcentage of gelatine 
Ash — Percentage loading 

8 88% 

28 8 % 

4l% 

s7% 

PtbrouB Oompoaition — 

Esparto 

Sulphite Wood 

90% 

10 % 

80% 

Meohanloal 

10 % 

90 % 

20 % 

Ootton 





Volume Oomposltloh— 




Gms perc o , Paper 

1047 

500 

687 

Fibre 

710 

479 

668 

Ash 

296 

021 

019 

GelatiDA 

Ptooeata^ Ooc^sitloii 
by vmume — Bibro 

041 

— 

— 

47 8 

31 9 

37 0 

Ash 

11 8 

084 

0 8 

Air apace 
Gelatine 

87 9 

67 3 

61 8 

30 


““ 
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CnABAOTEBISTIOa 



Nu m ber of Speoiinon Paper 

10 

11 

Trade Deaoription 

Balking Antique 
Wove Ibintlng 
, 0 Morgan & Oo. 

Cartridge 

Supplied b; 

Lopard& Smiths 

Price per lb. in 1911 

Pnoo on 
applioatioD 

2}if. 

weight of Broam Bomy 

Idiba 

201ba 

Ilyina x22Jiiie dW 
ahcote 



<3rainmefl per nq metro 

07 Ogms 

]07'9 prma. 

Thiokneaa elngle sheet ins 

■OOOB 

0005 

n , m m 

fltrenffth tenalla onatrips 

IBS 

140 

lbs kJoa 

Iba kilos 

10 m m wide — 



Uaohlno dlrootion 

7 7 — 

140 — 

Cross dirooiiOQ 

42 — 

08 — 

Mean etrongth 

0 0 = 2 72 

10 2 = 4 08 

Breaking length yards 

2,07’» 

3130 

metres 

2,710 

2 668 

Breaking weight per aq 
m m, of section al area 
Lose of strength dne to 

1,081 gma 

2,207 gma 


folding 4 times 

JB-0 % 

80 1 % 

12 times 

«-7% 

40 2 % 

Bnratlng Strain — 

Lbs 'per aq inoh 
Grammes per sq om 

13 lib. 

014 gms 

19 Bibs 

1,301 gms. 

Sising — 

PerooQ Uga of ^latino 
Ash — PeroentaKe loadlns 

78“% 

90% 

Pibroiis Oomposition — 

Esparto 

i »»% 


Sulphite Wood 

«% 

90 % 

Meobamoal 


^ % 

Cotton 




Volume Composition—. 



Qms poro c i Paper 

Fibre 

400 

■771 

370 

698 

Ash 

•030 

•073 

Gelatine 

Poroentam Oomposition 
by voFamo — Fibre 

1 

— 

24-7 

46-5 

Aah 

1 2 

29 

Air space 
GelAHQO 

741 

00 6 
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